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I. The Space Research Coordination Center 

The Space Research Coordination Center (CRCC I o f  the Ur:iversity 

of P i t t s b u r ~ h ,  e s t a b l i s h e d  i n  1963, took as i t s  f i r s t  c o a l  the t u X d u p  

of mador f a c u l t y  and f a c i l i t y  s t r eng th  i n  t h e  Divisim of t h e  Naturai 

Sciences,  t o  provide a broad and firm f o w d a t i o n  f o r  space-related re- 

search.  This g o a l ,  t o  be a t t a i n e d  by Phase I of t h e  SPCC program, h a s  

now l a r g e l y  been achieved. The support needed was provided by t h e  

Nat ional  Aeronautics and Space Administration, o t h e r  Federal  Apencies , 

t h e  Commonwealth of  Pennsylvania, and Pittsburgh-based foundations. 

In  June 1964 t h e  University admin i s t r a t ion  authorized SRCC 

t o  p l an  f o r  a similar bui ldup o f  major s t r e n g t h  i n  t h e  School of 

Engineering, t h e  plan t o  be put  i n t o  e f f e c t  as Phase I1 of  the  SRCC 

program. Action t o  a t t a i n  t h i s  goal has been i n i t i a t e d  under t h e  

newly apDointed Dean, Harold E. hoelscher.  Our r eques t  f o r  a second 

supplement t o  G r a n t  N s G - 4 1 6 ,  combined with funds from o t h e r  sources ,  i s  

intended t o  support  Phase I1 of  the SRCC program. 

By January 1965 it  w a s  c l e a r  t h a t ,  with Phase I coming t o  a 

s u c c e s s f u l  c lose  and Phase I1 o f f  t o  a good s tar t  and l i k e l y  t o  follow 

t h e  same p a t t e r n ,  s p e c i a l  a t t e n t i o n  should be given long-term planning 

f o r  SRCC. Accordingly, SRCC w a s  r e s t r u c t u r e d  f o r  t h i s  purpose and 

Phase 111, f o r  meeting t h e  long-range o b j e c t i v e s ,  w a s  put  i n t o  e f f e c t  

concurrent ly  with Phase 11. 

have i n  f a c t  been going on s i n c e  SRCC w a s  e s t a b l i s h e d  bu t  which now 

r ece ive  s p e c i a l  emphasis, include t h e  following: 

The a c t i v i t i e s  making up Phase 111, which 

1. Continued s t rengthening o f  t h e  sc i ence  and engineering base, 

w i th  t h e  a i m  of rounding out a major n a t i o n a l  c e n t e r  o f  science-engineering 
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excel lence.  

2. A s h a r p e r  focus on space-oriented research,  with p a r t i c u l a r  

emphasis on rocke t ,  sa te l l i t e ,  and space probe experiments. 

3. Encouragement of i n t e r d i s c i p l i n a r y  programs , such as our e x i s t -  

4. Encouragement of  t h e  spin-off of knowledge gained by space- 

related reseerch and development i n t o  e a r l y  i n d u s t r i a l  and o t h e r  use, 

with inc reas ing ly  c lose  working r e l a t i o n s  with t h e  Universi ty 's  

Knowledge A v a i l a b i l i t y  Systems Center. 

It is fo r tuna te  t h a t  SRCC i s  a c t i v e l y  e n t e r i n g  t h i s  t h i r d  phase 

of  i t s  operat ions j u s t  as t h e  NASA-financed SRCC Building i s  near ing 

completion ( t h e  completion date s t i l l  s t ands  as 17 May). The new 

s t r u c t u r e  w i l l  house strongqy space-oriented programs of Physics and 

Chemistry, much of t h e  Department of Earth & Planetary Sciences,  t h e  

KAS Center,  and t h e  SRCC's Di rec to r ' s  Off ice .  Moreover, it i s  phys ica l ly  

connected t o  t h e  Universi ty 's  science-engineering complex. 

The Chancellor r ecen t ly  appointed an SRCC Council t o  work 

w i t h  t h e  Di rec to r  o f  SRCC i n  planning t h e  Phase I11 activities. The 

Council 's  membership is as follows: 

SRCC Council 

David Halliday (Chairman) Director (Ac t ing ) ,  SRCC; 
Dean, Division of t h e  Natural Sciences 

Wade F i t e  Profess  o r  o f  Physics 

Arman Frede r i  cks on 

Harold Hoelscher 

Putnam Jones 

Chairman, Department o f  Eart.h & 
Planetary Sciences 

Dean, Schools o f  Engineering and 
Mines 

Dean, t h e  Graduate Facul ty;  
I n s t i t u t i o n a l  Represent a t i  ve 
f o r  t h e  NASA predoc to ra l  progrm. 
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Allen Kent 

Niel Wald 

Campbell C 

Di rec tor ,  KAS Center 

Professor  o f  Radiat ion Health 

Yates Professor  o f  Aeronautical. Encineerinq 

The Direc tor  of SRCC r epor t s  d i r e c t l y  t o  t h e  Chancellor throuph an ad- 

visory camiittee of Vice Cfitxicell~rs. These a & ! i ~ i s t r e t i v e  arrangements 

faxi l i ta te  involvement of  t h e  t o t a l  i n s t i t u t i o n ,  f acu l ty  and adnin is t ra -  

t i c n  a l i k e ,  i n  t h e  SRCC program. 



11. NASA Predoctoral  Trainees 

Since the  establishment o f  t h e  Space Hesearch Coordination 

Center 43 graduate  s tuden t s  have been en ro l l ed  o r  are cur ren t ly  e n r o l l e d  

as ijMn Preaoc to ra i  Trainees ,  under Grant pisz(Ti-76. ' f  t h e s e ,  

two have completed t h e  requirements f o r  t h e  Ph.D.; a l l  others  are i n  

e x c e l l e n t  academic s tanding DS Appendix A shows. The two s tuden t s  who 

have earned t h e i r  Ph.D. degree are:  

1. John Joseph F a r r e l l  (Ph.D) Chemistry 

Thesis:  Magnetic P rope r t i e s  of  CeFe2, LuNi and Some 5' 
1: 2 I n t e r n e t  a l l i c  Com?ounds of  Lanthenide Metals 

Posi t ion:  Assistant Professor  of Chemistry at  Frankl in  

and Marshall College 

2. Joseph Bernard Natowitz (Ph.D) Chemistry 

Thesis:  Cross Sections and Isomeric Yield Ratios f o r  

( d , p )  and ( d , n )  Reactions 

Pos i t i on :  Postdoctoral  Research Associate a t  S t a t e  

University o f  New York at Stoneybrook 
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111. NASA Postdoctoral  Research Associates 

S j  nce the  establ ishment  o f  t h e  Space Research Coordination 

Center fourteen ind iv idua l s  have been anpr,intod as NASA Postdoctoral  

Rcsearch Associates under NASA g r m t  N s G - 4 1 6 .  

program t i t l e s  are l i s t ed  i n  Appendix B. 

The i r  names and  research 
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I V .  Capi ta l  Construct ion 

1. 

2. 

3. 

4. 

V a n  do Graaff  bu i ld ing  ($1,630,000). This b ~ l d i n a ,  

designed t o  house t h e  f i r s t  th ree-s tage  Vari de Graaff  

a c c e l e r a t o r ,  i s  completed and now occupied. Construction 

w a s  f inanced from l o c a l  p r i v a t e  sources .  

Space Research Cnordination Center  bu i ld ing  $1,500,000 ) . 
Construct ion w i l l  be f in i shed  by 1 7  May 1965, wid occu- 

pancy w i l l  be complete by September 1965. The bui ld ing  

w a s  f inanced by NASA F a c i l i t i e s  Grant NsG(F)-13. 

Natural Sciences bui ld ings  ($7,405,000). Two bui ld ings  

a r c !  t o  be cons t ruc ted  with these  f l rnds ,  which have been 

au thor ized  by t h e  G e n e r a l  S t a t e  Authority.  Archi tec ts  ' 
drawings f o r  t h e  f i r s t  bui ld ing ,  t o  be b u i l t  as an 

extension t o  t h e  Na tu ra l  Sciences quadrangle,  a r e  com- 

p l e t e  and occupancy by major po r t ions  of t h e  Departments 

of Biology, Psychology and o f  Earth & P l m e t a r y  Sciences 

i s  expected by September 1967. 

t o  house t h e  Department of Chemistry, w i l l  be e r e c t e d  

on an upper cmDus s i t e  on a smewha% la te r  time schedule. 

The second bu i ld ing ,  

Engineering bu i ld ing  ($14,600,000). Working drawings 

for t h i s  GSA-financed s t r u c t u r e  are c m p l e t e d  and 

occupancy i s  an t i c ipa t ed  f o r  late 1967. 
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V. Research Reports 

3 .  SRW Reports : 

The Space Research Coordination Center h a s  e s t ab l i shed  

t h e  pol icy  of c i r c u l a t i n g  r e p o r t s ,  i n  s p e c i a l  covers, of 

space- re la ted  research p'ograms at t h e  Universi ty  o f  

P i t t sburgh .  Report No. 2 ,  "Rocket Measurements of t he  

Vi s ib l e  Dayglow" by Edward Zipf ,  Jr. ,  accompanies t h i s  

r e p o r t .  Report No. 1, curren t ly  i n  p repa ra t ion ,  cons i s t s  

of assembled r e p r i n t s  of recent  j o u r n a l  a r t i c l e s  by our 

Laboratory Astrophysics group. Reports Nos. 3 an? 4, "Low 

Energy Electron-Atom and Electron-Molecule Sca t t e r inq  

'D~eoxy Circa  1964" an3 "Momentum Transfer  Theorem f o r  

I n e l a s t i c  Processes ," both by Edward Gerjuoy, w i l l  be 

c i r c u l a t e d  soon. 

Much of t h e  research descr ibed i n  SRCC repor t s  w a s  

supported i n  whole o r  i n  p a r t  by NASA G r a n t  NsG-416. 

Space-related research supported by o the r  agencies w i  11 

a l s o  be r epor t ed ,  t h e  source of support  being made c l e a r  

i n  each case. Severa l  newly appointed ind iv idua l s  received 

necessary i n i t i a l  support under NASA Grant NsG-1416 and 

la ter  developed o t h e r  support  i n  t h e  form of p r o j e c t  g r a n t s ,  

e i t h e r  from NASA (as i n  t he  case  of  Professor  Zipf)  o r  

from o t h e r  agencies (as i n  t h e  case of Professor  F i t e ) .  

Some research reported i n  t h e  following pages i s  

supported i n  p a r t  by o the r  agencies ,  t h i s  f a c t  being ind i -  

ca t ed  at  t h e  appropriate  p l ace .  I n  a l l  cases ,  however, 
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.POLYSACCHARIDE SYNTHESIS I N  CRYPTOCOCCUS LAURENTII 
bY 

Helmut Ankel, NASA Research Associate i n  Biology 

Many microorganisms produce e x t r a c e l l u l a r  polysaccharides either 
i n  t h e  form of a capsule surrounding the  c e l l  or  as a slime which is  
excreted i n t o  t h e  growth medium. 
biosynthesis  of such a polysaccharide i n  order  t o  obta in  information regarding 

We have chosen t o  inves t iga t e  t h e  

a )  t h e  metabolic pathway which leads t o  t h e  formation of a c t i v a t e d  
sugar monomers- sugar nucleot ides-  from which monosaccharide is 
t r a n s f e r r e d  t o  polysaccharide,  

b )  ind iv idua l  enzymes involved i n  synthes is  and interconversion 
of these  sugar  nucleot ides ,  

c )  metabolic con t ro l  and regula t ion  of polymer b iosynthes is  at t h e  
enzyme l e v e l .  

Cryptococcus l a u r e n t i i ,  a yeas t - l ike  organism produces a capsular  
heteropolysaccharide composed of mannose, glucuronic ac id ,  and xylose i n  the 
molar r a t i o  of 5:1:2. 
metabolic pathway l ead ing  from glucose t o  polysaccharide w a s  proposed as a 
working hypothesis : 

When t h i s  pro jec t  w a s  i n i t i a t e d ,  t h e  following 

8 glucose 
l f 8  ATP 

8 glucose-6-~  

3 glucose 1-P 5 mannose 6-P 

3 UDPglucose 5 mannose l-P 

3 UDPglucuronate.&p 2 UDPxylose 5 GDPmannose 

l r n P r n /  
(Memnoae5-Qlose -Glucuronic a c i d ) n  I 2 

Polysaccharide 
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i 
During t h e  t enure  of my NASA fellowship I have been ab le  t o  obta in  evidence 
which s u b s t a n t i a t e s  t h e  o r i g i n a l  hypothesis: 

a )  The following nucleot ides  have been i s o l a t e d  from e x t r a c t s  
of Cryptococcus l a u r e n t i i  c e l l s :  UDP-D-glucose, 
UDP-D-wlose, and GDP-mannose. 

b )  The fol lowing enzyme reac t ions  have been demonstrated i n  
c e l l f r e e  e x t r a c t s :  

UDP-glucose + P P C  glucose 1-P + UTP (UDP-glucose pyrophosphorylase) 

GDP-mannose + PP s x n a n n o s e  1-P + GTP ( GDP-mannose pyrophosphorylase ) 

UDP-glucose + 2 NAD 4UDP- glucuronate + 2 NADH (UDP-glucose dehydrogenase) 

UDP-glucuronate + H+’UDP- xylose + C02 (UDP-glucuronate decarboxylase) 

c )  The following enzymes have been p a r t i a l l y  p u r i f i e d  and the i r  
enzymatic p r o p e r t i e s  have been s tudied :  
dehydrogenase and UDP-glucuronate decarbowlase  . UDP-glucose 

Resul ts  : 

a )  UDP-glucuronate - decarboxylase 

Previous r e s u l t s  have revealed t h a t  t h e  enzyme from Cryptococcus 
l a u r e n t i i  has an absolu te  and s p e c i f i c  requirement f o r  t h e  addi t ion  of 
c a t a l y t i c  amounts of NAD (Ka = and t h a t  it is competi t ively 
i n h i b i t e d  by NADH (Ki  = 2 x lo-&). The same enzyme obtained from wheat 
germ shows no co fac to r  requirement and is  not  i n h i b i t e d  by NADH. 
l a c k  of  response t o  t h e  addi t ion  o f  N A D  o r  NADH w a s  thought t o  ind ica t e  
t h a t  t h e  p l an t  enzyme might contain firmly-b0w.d NAD. 
been a b l e  t o  demonstrate t h a t  p u r i f i e d  wheat germ enzyme contains  a 
nonprotein component, which is released when t h e  enzyme i s  denatured with 
hea t  o r  ac id .  This component w a s  shown t o  be NAD by i t s  enzymatic 
reduct ion t o  NADH, i t s  a c t i v a t i n g  propel-ty towards Cryptococcal 
decarboxylase,  and i t s  r e a c t i v i t y  with NAD glycohydrolase.  
wheat germ decarboxylase contains  approximately 1 Mole NAD per  300,000 e; 
p r o t e i n .  I n  t h e  previous r epor t  it w a s  proposed tha t  NAL) could a c t  as a 
r e v e r s i b l e  H-acceptor i n  t h e  t r a n s i e n t  formation of  a B-ketoacid. 
UDP-4-keto-glucuronic a c i d  would easily decarboxylate i n  analogy t o  o the r  
6-ketoacids .  
4 p o s i t i o n  is  used a8 a s u b s t r a t e ,  l a b e l  is r e t a ined  after formation of 
UDP-wlose with both enzymes, even i n  t h e  prerence of added NADH. 
UDP-glucuronate-3-T l ikewise  r e t a i n s  l a b e l  after decarboxylation with e i t h e r  
enzyme, thus 
hydrogen atom at t h e  neighboring C-3. 
glucuronic  a c i d  t h e r e f o r e  remains hypothet ical .  

x 

The 

Subsequently I have 

The most p u r i f i e d  

However, when UDP-glucuronate l a b e l l e d  with tritium i n  t h e  

excluding eno l i sa t ion  of a t r a n s i e n t  4-keto compound with t h e  
Tranr ien t  formation of  UDP-4-keto 
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b )  UOP-Flucose dehydropenase - - 
Znzymatic a c t i v i t y  of this enzyme i s  i n h i b i t e d  by low concentrat ions 

of UDP-xylose ( K ,  appr.  3 x 10"M). Although t n i s  i n h i b i t i o n  ccn tic 
overcome by inc rkas ing  t h e  WP-glucose concen t r a t ion ,  t h e  i n h i b i t i o n  does 
not appear t o  be s t r i c t l y  competit ive.  UDP-xylose shows t h e  t y p i c a l  
c h a r a c t e r i s t i c s  of  a feedback i n h i b i t o r  by which one enzyme of  an enzymatic 
~ , a ~ l , w b y  --A L----- is :-L: h;+-a  

t h e  end of t n e  pathway. 

Conclusions: 

a )  A s  demonstrated i n  t h e  scheme (Dace ?! e n e r m  equivalent  t o  l o  moles of  
ATP is  needed f o r  t h e  formation of one polysaccharide u n i t .  S ix  moles of 
NADH are formea when 3 moles of UDP-glucose are oxidized t o  UDP-Flucuronate. 
Since i n  oxydative phosphorylation 1 Mole of lJADH res7ilts i n  t h e  formation 
of 3 Moles of  ATP, 6 lvloles of 1JAI)H would corresporid t o  16 MOLES of ATP, which 
would account f o r  a l l  t h e  energy required f o r  t h e  syn thes i s  of Cryptococcal 
polys a c  c h a r  i ae . 

by t h e  prnduct. o f  an enzvmctic r eac t ion  occurr ing at 

b) Two r e a c t i o n s  of t h e  pathway a re  e s s e n t i a l l y  i r r e v e r s i b l e ,  t h e  oxydation 
of  UDP-glucose and t h e  decarboxylation of UDP-glucuronatc . Tnis s i t u a t i o n  
should even tua l ly  l e a d  t o  an accumulation of UDP-xylose. Yet, i n  e x t r a c t s  
of  t h e  organism UDP-xylose i s  found only i n  very s m a l l  amounts: t h e  r a t i o  
of UDP-glucose t o  UCP-xylose was e s t i m a t e d  t o  be i n  t h e  o rde r  of  110 t o  1. 
Since UDP-xylose can a c t  as a s t rong i n h i b i t o r  of UDP-glucose dehydroEenase, 
i n  - v i t r o  -9 

s i g n i f i c a n c e  f o r  t h e  r egu la t ion  of t h e  UDP-glucose/UDP-xylose r a t i o .  
feedback i n h i b i t i o n  by UDF-xylose might be of physiological  

c )  That UDP-glucuronate i s  not immediately aecarboxylated t o  UDP-xylose , 
but i s  a v a i l a b l e  as a precursor  for Flucuronate t r a n s f e r  t o  polysaccharide,  
might be r egu la t ed  -- i n  vivo -- by t h e  NAL)/!VA.DH r a t i o .  
UCP-glucuronate produced 2 moles of NkOH are formed, which would i n h i b i t  
f u r t h e r  decarboxylation t o  UDP-xylose. Only when iiADH is  reoxydized, 
presumably v i a  oxydative phosphorylation, can GDP-xylose he produced, and 
u t i l i z e d  as a p recu r so r  of  polysaccharide syn thes i s .  

For every mole of 

Feedback I n h i b i t  ion 

Precursor I n h i b i t i o n  

UDP-glucuronat e 
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CORRELATION 
I N  

D. MacDonald 

3 *  

BETWEEN PHYSICAL AND GENETIC DISTANCE 
INFECTIVE BACTERIOPHAGE DNA 

Green, Associate Professor  of Biology 
by 

I n  t h e  Second Semi-Annual Report f o r  NASA Grant 
NsG-416, i n i t i a l  s t u d i e s  were described which c o r r e l a t e d  
gene t i c  map d i s t ance  with t h e  phys ica l  d i s t ances  of i n f e c t i v e  
DNA molecules. 
ques t ion  whether shea r ing  of whole phage DNA molecules could 
cause d i s rup t ion  of t h e  l inkage  of marker p a i r s  c a r r i e d  by 
t h e  DNA molecule. This  w a s  confirmed and, i n  a genera l  
manner, a c o r r e l a t i o n  between genet ic  map d i s t ance  between 
marker p a i r s  and t h e i r  s e n s i t i v i t y  t o  unl inking  by shea r  w a s  
obs e rve d . 

The prel iminary s t u d i e s  sought t o  ask the  

The present  research  has extended t h e s e  prel iminary 
observa t ions .  
c h a r a c t e r i z e  DNA molecular fragments t h a t  represent  qua r t e r ,  
e igh th ,  and poss ib ly  s i x t e e n t h  por t ions  of t h e  o r i g i n a l  phage 
DNA molecule, as w e l l  as t h e  i n i t i a l l y  s tud ied  h a l f  
molecules. The use of  t hese  smaller fragments f o r  t he  
determinat ion of unlinkage caused by molecular shear ing  has 
introduced s u b s t a n t i a l l y  g r e a t e r  p rec i s ion  i n t o  the  c o r r e l a t i o n  
of map d i s t ance  and t h e  phys ica l  s i z e  of t h e  molecule bear ing  
t h e  markers. Secondly, many new marker p a i r s  represent ing  
segments of a l l  regions of t h e  gene t ic  map have been examined 
for  t h e i r  shea r  s e n s i t i v i t y  and a genera l  c o r r e l a t i o n  between 
map d i s t ance  and shea r  s e n s i t i v i t y  has been observed f o r  a l l  
l a r g e  ( g r e a t e r  than 0.2) segments of t h e  gene t i c  map. 

F i r s t ,  it has been poss ib l e  t o  produce and 

Although a genera l  r e l a t i o n s h i p  e x i s t s  between 
phys ica l  and gene t i c  d i s t ances ,  c e r t a i n  marker p a i r s  t h a t  span 
s h o r t  gene t i c  d i s t ances  have been observed t o  show g r e a t e r  than 
expected shea r  s e n s i t i v i t y .  Such except ions can be expected t o  
arise from d ive r se  and i n t e r e s t i n g  sources ,  such as genet ic  
complexity of markers, a discontinuous d i s t r i b u t i o n  of t h e  sites 
of recombination, high p o s i t i v e  i n t e r f e r e n c e ,  o r ,  m a y  r e f l e c t  an 
otherwise unexpected "uniqueness" of t h e  phage DNA molecule. 
These except ions p o i n t  ou t  t h e  necess i ty  of scanning shor t  segments 
of t h e  gene t i c  map f o r  t he i r  s e n s i t i v i t y  over  t h e  e n t i r e  map. 

I n  conclusion,  gene t ic  ana lys i s  of phage DNA tha t  has 
been modally sheared t o  h a l f ,  qua r t e r ,  and e igh th  molecules 
shows a good genera l  c o r r e l a t i o n  between map d i s t ance  and phys ica l  
s i z e  of t h e  DNA. Exceptions t o  t h i s  genera l  observat ion do, 
however, occur at s m a l l  map d is tances .  The reasons f o r  these 
dev ia t ions  are being inves t iga ted .  
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GEiiETIC AND BIOCHLMICAL EFFECTS OF HADIA"PIOIJ OM SOlviATIC CELLS 

S. Vendeteswsran, NASA Research Associate i n  Biology 
by 

Somatic c e l l s  o f  d i f f e r e n t  s t r a i n s  of tobacco consistif ir :  of 
( i  ) a l b i n o  mutant maintaining as white non-chlorophyllous t i s s u c  ; 
(ii ) uns tab le  a lb ino  spontaneously proaucinn chlorophyllous areas: and 
( i i i j  normai green-Digmentea Lissue a r e  continuousiy Krown as soiici a n a  as 
l i q u i d  suspension c u l t u r e s .  The l i q u i d  c u l t u r e s  maintain such an a c t i v e  
growth rate t h a t  subcu l tu r ing  i s  required every t h r e e  weeks.  Since the 
submission of t h e  last r e p o r t  i n  ?:ovcml>cr, emphasis has been d i r e c t e d  
towaras t h r e e  maior d i r e c t i o n s :  

(1) Comparative s t u d i e s  of gamma rad ia t ion  e f f e c t s  on c a l l u s  t i s s u e s  
growinr ir. l i q u i d  suspension vs .  f u l l y  c r p n i z e d  p l a n t s  (newly-cerminated 
s e e d l i n g s )  : 

Detai led d a t a  are a v a i l a o l e  of e a r l i e r  ooservations on t h e  r e l a t i v e  
degree of r a d i o s e n s i t i v i t y  o f  tobacco c a l l u s  t i s s u e  vs .  f u l l y  or-anized 
n l a n t s .  The dose of observed morpho1ocic-d e f f e c t  f o r  c a l l u s  t i s s u e  WRS 

around ' IOOOr ( roentgen)  w h e r e a s  o n l y  500r prcduced nn i n a c t i v e  mris tm ?r,d 
s tun ted  leaf rrowth. Thc l e t h a l  dose f o r  c a l l u s  t i s s u e  was beyond 12,C)OOr 
whereas f o r  thc meristems it w a s  a romd > O O O r .  'this d i f f e rence  i n  
r a d i o s e n s i t i v i t y  between t n e  c a l l u s  t i s s u p  ard t h e  v r j  stem of fully ormmi; .4  
p l a q t s  bernmes imporfznt because these s i t u a t i o n s  may be i n t e r p r c t e d  t o  be 
analogous t o  an "open system" vs. a closcd sys t ec , "  i . e . ,  c a l l u s  t i s s u e  
r ep resen t inq  t h e  "cpen system' where t h e  p ro l i f e ra t in . -  c c l ? s  arc friablv-, 
nonroherent,  loose m c i  frcc from each o t h e r .  I n  c o m a r i s o n ,  t h e  a n i c a l  
meristem w i l l  renrcscrit a "c1osed system'' w h e r e  t n e  few number of 
rccristematic cells oresent  at t h c  apcx are very romnct .  <zr,c! u?dt?r t n e  
i n f luence  of t h e  xetabolism of t h e  orgar, izational envirmment of  t h e  i n t n c t  
p l a n t .  T h i s  hizh r a d i o r e s i s t a n c c  of c a l l u s  t i s s i i e  ir, comar ison  t o  t n a t  of 
an orp in ized  p l an t  can bc A valuable z o c s i i e r a t i o n  f-+r f u r t h e r  s t u d i e s  i n  
space b i o l o w ,  with r e spec t  t o  exnected s t m i l i t y  o f  l i v i n c  orsar  i s m s  ir: 
arras of h i r k e r  r a d i a t i o n .  

The r e s u l t s  obtained on t h i s  aspect  of  rescnrch are being wr i t t en  
out at  present  and I am expect ing t o  submit t h e  manuscript t o  h d i a t i o n  
Botany, an I n t e r n a t i o n a l  Journal  devoted t o  P lan t  hadiobiology . 

( 2 )  
and continued maiqtennncc of a "chloroDhyl1 system" i n  c e l l s  i n  cu l tu re :  

Study of chemical and physical f a c t c r s  inf lucncinP t h e  development 

A paper e n t i t l e d  STUDIES ON 'THE ISOLATION OF GREEN PIGMEBTED 
CALLUS TISSUh OF 'I'OBACCO AND ITS CONTINUED MAINTENANCE I N  SUSPENSION CULTURES 
submit ted t o  Physiologia  Plantarum (Publn. of Scandinavian SOC. of P lan t  
Physiology) n a s  been accepted f o r  publ icat ion and due t o  appear around 
September 1965. 
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As i nd ica t ed  i n  t h e  previous r epor t  t h e  a l b i n o  c a l l u s  t i s s u e ,  
although der ived from a single-gene mutant and incapable of chlorophyll  
product ion under normal condi t ions can D r o l i f e r a t e  "chlorophyllous 
areas" under s p e c i f i c  culturt? conditions.  
t i s s u e s  der ived o r i g i n a l l y  from one s i n g l e  p l a n t  ( A - 1  ce r ic -s )  show t n a t  
indoleacet. ic a c i d  (IAA) and k i n e t i n ,  both a t  1 x 1O"M favor chloronhyl l  
production and i t s  continued maintenance i n  c u l t u r e .  The chlorophyll 
formed i s  very s e n s i t i v e  t o  s t r o n g  l i g n t .  

A s e r i e s  of  e x p e r i m c t s  an 

A manuscript on t h e  c h l o r o ~ h y l l  i n s t a - b i l i t y  o f  t h i s  mutant under 
va r i ed  c u l t u r e  condi t ions i s  under Dreparati on. 

( 3 )  
c u l t u r e :  

Cytological  a n d  biochemical exqmination of  c e l l s  and t i s s u e s  i n  

Preliminary c y t o l o q i c a l  ana lys i s  o f  t n e  tobaccc t i s s u c  c x l t u r e s  
r e v e a l  amorma1 nuc lea r  behavior,  c e l l s  a t  2 i f f e r e n t  l e v e l s  of  ploidy,  e t c  . 
Detailed analyses a r e  i n  p r o m e s s  s ince nuc lea r  s i z e ,  s t r u c t u r e  and 
composition are important f a c t o r s  i n  s t u d i e s  on c o n t r o l  of r a d i o s e n s i t i v i t y  
at t h e  c e l l u l a r  and t i s s u e  level.  

From a biochemist ' s  s tandpoint ,  t h i s  s t r a i n  of tobacco t i s s u e  shows 
evidence of e x t r a c e l l u l a r  polysaccharide syn tnes i s  un l ike  o t k t r  tobacco 
t i s s u e s  which are i n  c u l t u r e  i n  our l abora to ry .  Since polysaccharides a r e  
important members of b i o l o g i c a l  macromolecules, detai led biochenical  
i n v e s t i g a t i o n s  on t h i s  s t r a i n  are needed and e f f o r t s  towards t h i s  are 
pursued. 

P1ar.s f o r  t h e  Immediate Future - --- . - - .  - -- 
(i ) I s o l a t i o n  of "sinele-cell"-clones from chlorophyllous areas 

of t h e  unstable  a lb ino ;  (ii) extended s t u d i e s  of  t h e  e f f e c t  of white.  red 
and b lue  l i e h t  on green-pigmented t i s s u e s  and ( i i i)  comparative s t u d i e s  of 
r a d i a t i o n  responses of c a l l u s  t i s s u e  vs .  m e r i s t e m t o  a ranee of doses of 
u l t r a v i o l e t  i r r a d i a t i o n .  

The var ious a spec t s  of research Drogress rcported nere r e l a t e  t o  
larrer programs i n  t h e  department, e s p e c i a l l y  those  d i r e c t e d  toward 
s t u d i e s  of t h e  gene t i c  determination and s t a b i l i t y  of t h e  photosynthet ic  
mechanism, the  e f f e c t s  of radiatfons on l i v i n p  systems, ana t h e  behavior 
of c c l l s  and t i s s u e s  cu l tu red  yizo-. 
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5. 

HYDROPHOBIC BONDING 
and 

THE STRUCTURE OF THE "HYDRAZONE" OF DINAPHTHOQUINONE 

E l l i  IIsnd, NASA Research Associate i n  Chemistry, and 
by 

Theodore Cohen, Associate Professor  of Chemistry 

Hydrophobic Bonding 

The s tudy o f  aggregate formation between organic  molecules 
i n  aqueous s o l u t i o n s  as monitored by n.m.r. and a t t r i b u t e d  t o  
hydrophobic bonding has been published as a communication: 
"Hydrophobic Bonding. 
Resonance Spectroscopy and Its Effect  on t h e  Chemical S h i f t s  
of  I n t e r n a l  Standards",  _J_. &. Chem. SOC., 87, 133 (1965). 

The S t r u c t u r e  of t h e  "Hydrazone" of  Dinaphtoquinone 

Its Detection by Nuclear Magnetic 

The s t r u c t u r e  determinat ion of t he  a l l eged  hydrazone of 
dinaphthoquinone is nea r ly  complete. The h ighly  in so lub le  
b lack  material has n e i t h e r  Pummerer's s t r u c t u r e  I nor  s t r u c t u r e  
I1 which we used as a working hypothesis ,  b u t  s t r u c t u r e  111. 
While t h e  oxida t ive  degradation products ,  which have now been 
i d e n t i f i e d ,  can support  e i t h e r  I1 or 111, t h e  a c e t y l a t e d  
d e r i v a t i v e  ( , I V )  of t h e  reduct ion  product obtained by hydrogenation 
o r  t rea tment  with sodium borohydride i n d i c a t e s  s t r u c t u r e  111. 
Compound I11 can be regenerated from I V  by b a s i c  hydro lys is  i n  
t h e  presence of air. 

On the  b a s i s  of  t h e  c o r r e c t  s t r u c t u r e  it i s  c l e a r  that  t h e  
s y n t h e s i s ,  ou t l i ned  i n  t h e  Second Semi-Annual r e p o r t ,  1 November 
1964, a n d  attempted under var ious condi t ions without success ,  
could  not  have given t h e  "hydrazone". No d i r e c t  evidence has 
as yet been obtained f o r  t h e  a n t i c i p a t e d  charge-t ransfer  
p r o p e r t i e s  of t h e  compound. 

0 

u g - C - 0  Ir 

0 

1L Qyp 
0 
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6 .  

STATIST1 CAL ITJFERETJCE FROM RADIOACTIVITY “fEASUF.E?.’EI‘X 
bv 

Edgar Inse lbe rg  , EASA Research Associate  i n  Chemistry 

Previous Work 
I -- --- 

A m n j n r  p a r t  o f  t h e  1963-64 year w a s  devoted t o  work i n  

Furin? t h e  rest  o f  t h e  1363-611 y e a r  
photosynthesis .  Two pub l i cz t ions  based on this work were d i s -  
cussed i n  previous r epor t s .  
and clurinf t h e  1n6L-65 y e a r  T have been vorkinp on s t a t i s t i c a l  
i n fe rence  from r a d i o a c t i v i t y  measurements. 
extensive l i t e ra ture  review , f ami l i a r i zed  p y s e l f  w i t h  r ecen t  
developnents i n  instrumentat ion,  i n c l i i d i r ~  space app l i ca t ions  , 
studiec! recent  textbooks i n  applied s t a t i s t i c s  t o  review t h e  
r echan ic s  , underlyinp nssmpt ions  and a p p l i c a b i l i t y  of  various 
s t a t i s t i c a l  t e s t s ,  an? ?+Tidied top ic s  i n  r*)rlt?eniitir:: ~ n d  -?ath- 
e r a t i c a l  s t a t i s t i c s ,  i n  prepnration f o r  t h e  der ivat ion of a 
s t a t i s t i c a l  nodel f o r  t h e  v a r i a b i l i t y  o f  r a d i o a c t i v t t y  censure- 
r e n t  s. 

I com?letec! an 

- Statement of t he  Froblem 

In ncasurcnects  of  r a d i o a c t i v i t y  , t h e  square  root  of  t h e  
t o t 6 1  count i s  o f t e n  considerdd t o  e s t ima te  t h e  stnndard dev ia t ion ,  
based on a property of  t h e  Poisson d i s t r i b u t i o n ,  vhich such 
neasurements are assmed t o  follow. Tiowever, when t h e  a c t i v i t y  is  
e s t ima ted  by takinr:  t h e  nlean of counts o f  s e v e r a l  expe r iven t s l  
units, such as planchets ,  t h e  sample s tandard deviat ion i s  usua l ly  
s i g n i f i c a n t l y  g r e a t e r  (as shown by F o r  chi-square t e s t s )  t han  t h e  
value corresponding t o  t h e  square roo t  of t h e  mean t o t a l  count. 
The f irst  type  o f  p rec i s ion  index (square roo t  of t h e  t o t a l  count)  
a p p l i e s  t o  what i s  commonly r e f e r r e d  t o  as counting s t a t i s t i c s ,  
while  t h e  second type of p rec i s ion  index app l i e s  t o  w k a t  may be 
c a l l e d  t h e  s t a t i s t i c s  of radioassay. One of t h e  main ob jec t ives  
of t h i s  i n v e s t i g a t i o n  has been t o  determine the r e l a t i o n s h i p  
between counting s ta t is t ics  and s t a t i s t i c s  o f  radioassay. 

T h e o r e t i c a l  Model 

The v a r i a b i l i t y  associated w i t h  a radioassay procedure 
( s t a t i s t i c s  o f  radioassay)  can be p a r t i t i o n e d  i n t o  two major 
components , one a t t r i b u t a b l e  t o  t h e  randomness o f  radioact ive 
decay (counting s t a t i s t i c s )  and a second component, which s h a l l  be 
designated as t h e  procedural e r r o r .  

The v a r i a b i l i t y  expected when t h e  same a c t i v i t y  i s  counted 
r epea ted ly  i n  a d e t e c t o r  f r e e  of i n s t rumen ta l  f l u c t u a t i o n s ,  and 
without  d i s t u r b i n g  sample geometry, corresponds t o  t he  component 
due t o  t h e  random na tu re  of r ad ioac t ive  decay, The t o t a l  count ,  
T ,  is  a d i s c r e t e  random va r i ab le  having t h e  Poisson d i s t r i b u t i o n  
(neg lec t ing  counter  dead time e f f e c t s ,  which are el iminated by 
l i v e  t iming)  with a mean v 
d e v i a t i o n ,  aT, equal  t o  e Such measurements, however, are o f  
l i m i t e d  value f o r  s t a t i s t i c a y  inference.  

denoted by pT and standard 



I 

I n  a t y p i c a l  t r a c e r  experiment, several experimental  
u n i t s ,  such 8s p lanche t s ,  are counted, t o  provide an estimate of 
t h e  mean of  t h e  d i s t r i b u t i o n  o f  t h e  observed t o t a l  count ,  R ,  
which s h a l l  be denoted by l~ . In  t h i s  case several e r r o r s  are 
superimposed onto the  v a r i a h i t y  due t o  the  randomness of 
r ad ioac t ive  decay. These e r r o r s  are t r e a t e d  as continuous,  
mostly normally d i s t r i b u t e d  random variables (thouch f u r t h e r  
s t u d y  i s  rieeSeS to establish the  i i ~ t i i ~  sf t h e  p r o h ~ h i l i t . 7  
d i s t r i b u t i o n  of  some o f  t h e  va r i ab le s ) .  The main procedural  
random v a r i a b l e s  are volumetric,  o r  mass e r r o r s  , v a r i a t i o n  i n  t h e  
geometric configurat ion of t h e  sample, and f l u c t u a t i o n s  wi th in  
t h e  counter a f f e c t i n g  de tec t ion  e f f i c i ency .  “he procedural  
random v a r i a b l e s  a l l  have a mean of zero end s tandard deviat ions 
c h a r a c t e r i s t i c  o f  t h e  experimental procedure employed. The 
nrocedural  e r r o r  , P, i s  , t h e r e f o r e ,  a continuous random v a r i a b l e  , 
apparent ly  normally d i s t r i b u t e d ,  with a mean, P?, equal  t o  t he  
sum of t h e  means 03 the  Drocedural random va r i ab le s  , namely zero,  
and a va r i ance ,  u , equa l  t o  t h e  sum o f  t h e  var iances  o f  t h e  
procedural  random v a r i a b l e s .  P 

Thus, t h e  count ,  R ,  recorded when s e v e r a l  experimental  
u n i t s  are a s sqed  i s  a d i s c r e t e  random variable, equa l  t o  T + P 
(P  i s  manifested as a d i s c r e t e  v a r i a b l e ,  because t h e  counter  
recorcs  R f o r  any value i n  t h e  i n t e r v a l  RL <R + 1). Hence, 

, 
?JR = lJT + up = PT + 0 = I.rT (1) 

while  t h e  s tandard dev ia t ion  of the observe2 count,  u R ,  i s  civen by q- 
aR = a, + ap 

L 

(2) 

The d i s t r i b u t i o n  of t h e  observed count,  5 ,  i s  not a Poisson 
d i s t r i b u t i o n ,  as shown by i t s  a o m n t  generat ing func t ion ,  even 
though it has t h e  same mean as t h e  d i s t r i b u t i o n  of T, t h e  
Poisson-dis t r ibuted random va r i ab le .  The d i s t r i b u t i o n  of R i s  
broader  and f la t te r  than  t h e  corresponding Poisson d i s t r i b u t i o n  
(has g r e a t e r  s tandard d e v i a t i o n ) ,  and less skewed than  the 
la t te r .  As t h e  procedural  e r r o r  decreases,  t h e  gene ra l i zed  
d i s t r i b u t i o n  of t h e  observed count approaches t h e  Poisson 
d i s t r i b u t i o n  w i t h  p a r a r e t e r  p3 as a l i m i t i n g  d i s t r i b u t i o n .  
value of u i s  t 3 e  s t a r t i n g  point  f o r  s t a t i s t i c a l  i n fe rence .  

The 

?? 

Validat ion of t h e  Model 

S t a t i s t i c a l  ana lys i s  of data obtained while  on 8. p r i o r  
p o s i t i o n  i c d i c a t e s  t h a t  t h e  n o d e l  i s  compatible with expe r f r en ta l  
f i nd ings .  A counting system can be  evaluated on t h e  b a s i s  o f  up, 
which Is independent of t h e  counting rate, and can be r e a d i l y  
de t e rn ined  from t h e  r e l a t i o n s  given and analoeous r e l a t i o n s  f o r  
t h e  counting rate. 
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A, 1 n  o i n v e s t i c a t e  r e r t a i n  aspects  of  t,ic theoret ic?!  
.YG<E~., SLC?, as t h e  nature  oc t h e  proh?b?>ility - ? i s t r i b u t i o n  of  
r ; o x  of t h e  procedurnl rando- v?ri.,l)lcc vhicb. may not be norrall:: 
c?istrihut,er?. 

c1 ( .  To exnriine alternative code l s  an2 c k t e r m i n c  w9ich 
-.ode1 appears t o  a p x  best w i t h  exgerinenta,l f indinEs,  ~2 t5e 
b a s i s  o f  s t a t i s t i c a l  c r i t e r i a .  

3. To cx'minc implicat ions of  t h e  roLe1 f o r  s t a t i s t i c a l  
inferonce a d  i t s  a p p l i c a t i o n s ,  fo r  example t o l e rance  l i m i t s  f o r  
r a d i a t i o n ,  and s e l e c t i o n  of  counters. 

b .  To de te rn ine  methods o f  p a r t i t i o n i n c  the  procerlural 
error i n t o  i t s  components bv t h e  analysis o f  varia.nce. 



7 .  

THE BEIiAVIOH OF HIGH-ENERGY INTXHl+EDIATES IN OilGANIC SYSTEMS 

Jack L. Pinkus, NASA Research Associate i n  Chemistry, and 
Theodore Cohen, Associate Professor  i n  Chemistry 

by 

Studies  coricerned w i t h  t n e  behavior of carbonium ions of  Graded 
r e a c t i v i t y  i n  rrodei sysierr~s kiz-i-s beer, ? c ? ~ ? t i n u ~ d .  The i s o l a t i o n  of a 
secondary arrine i n  addi t ion t o  a primary a n i l e ,  3 ~ . i m i n ~ - 5 a - c h o l e s t a r e  ( I ) ,  
during t h e  ammonolysis of  3 6-tosyloxy-5a-cholestane (11) suqrested t h a t  a 
c a r b o n i w  ion intermediate  was involved i n  t h e  r q a c t i c n .  The stereo-hornistry 
of t h e  secondyry m i n e  was estxbi ishpd as d i a x i a l  (d i -3  a-cnolestnnylamine) 
on t h e  b a s i s  of nuclear  mapnetic resonance evidence. The  r e s u l t s  n f  mixed 
so lven t  s t u d i e s  i n  t h e  ammonolysis react ion i n d i c a t e  t h a t  t n e  t o s y l a t e  (11) 
and t h e  ?rimam amine ( I )  may be i n  t h e  form of mixed mice l l e s  i n  t h e  
ammonia s o l u t i o n  due t o  hydroDhobic-type bonding. An i n v e s t i p a t i o n  concerned 
with t h e  generation of  carbonium ions by i on iza t ion  of  t o s y l a t e  I1 i n  
var ious media and t h e  r e a c t i o n  of these ions with hindered nucleophile I i s  
nlanned. These r e s u l t s  w i l l  a l l o w  us t o  check on our deductions i n  t h e  
mixed solvent  ammonolysis r eac t iqn  . 

Attemts t,o synthesize o r t i c a l l y  a c t i v e  1-nhenylallylamine (111) 
as a n recu r so r  t o  a unique carbonium ion have continued. A t  present  w e  
have encountered d i f f i c u l t i e s  i n  t h e  conversion of 1-phenylallylisocyanate 
t o  t h e  amine 111, but  we a r e  continuing t o  pursue t h i s  l i n e .  Following an 
a l t e r n a t i v e  route' t o  111, w e  nave attempted t o  convert t h e  corresponding 
oxime, phenyl v i n y l  ketoxime. t o  I11 with l i t h ium aluminum hydride with 
poor r e su l t s .  This approach has now been abondened s i n c e  t h e  r e a c t i o n  
w a s  r e c m t l v  i n v e s t i g a t e d  i n  d e t a i l 2  and shown not t o  proceed t o  t h e  
d e s i r e d  amine 111 as o r i g i n a l l y  claimed. 1 

1. Y. Poclier, Chem. and Ind.,  195; (1959) .  

2 .  M. Y .  Shandala, M.  3. Solomon, and 6. S. Waiqht, J .  Chern. SOC., - - -  
892 (1965).  

Pub l i ca t ions  

'I?. Cohen, M. Malaiyandi, and J. L. Pinkus, "The Confiaurat ional  Relationships 
o f  t h e  cis-beta-Decnlols and cis-beta-Decalylamines , ' I  - - -  J .  Orp.  Chem., 23. - 
3393 (1964). 
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by 
PROGRESS REPORT 

John Tanaka, NASA Research Associate i n  Chemistry 

A s y n t h e t i c  method w a s  developed f o r  completely deuterated 
trimethylamine as w a s  repor ted  i n  the previous progress  repor t .  Since 
t h a t  r epor t ,  t h e  syn thes i s  has  been successfu l ly  s c a l e d  up and enough 
m ~ t . e ~ i ~ 1  w a s  obtained so t h a t  some of i t s  phys ica l  p rope r t i e s  could be 
determined. 
determined. The molecular weight w a s  determined as confirmatory evidence. 
The i n f r a r e d  spectrum w a s  detennined f o r  t h e  usua l  region i n  our  
l a b o r a t o r i e s  and i n  t h e  far in f r a red  by D r .  F o i l  Miller and h i s  group at  
Mellon I n s t i t u t e .  Adducts of t h e  deuterated trimethylamine w i t h  borane 
carbonyl have been made by D r .  James Carter i n  our l a b o r a t o r i e s  and t h e  
i n f r a r e d  s p e c t r a  determined i n  an e f f o r t  t o  ass ign  t h e  i n f r a r e d  absorpt ion 
bands. This l a t te r  work by D r .  Car te r  i s  s t i l l  i n  progress .  

An accura te  vapor pressure curve and mel t ing  poin t  were 

The f a i l u r e  of some of t h e  methods t r i e d  i n  t h e  attempted syn thes i s  
of  t h e  deutera ted  trimethylamine has l e d  t o  an examination of t he  Hoffmann 
e l imina t ion  mechanism, It has now been shown t h a t  t h e  Hoffmann reac t ion  
r equ i r e s  much more s t r i n g e n t  conditions i n  so lu t ion  than  it does f o r  dry 
pyro lys i s .  It has also been shown i n  an extension of work previously done 
by Doering' t h a t  hydrogen-deuterium exchange does not  t a k e  p lace  i n  t h e  
unreacted s t a r t i n g  material which i s  h e l d  i n  s o l u t i o n  a t  temperatures much 
h ighe r  than  t h e  temperatures usually used f o r  t h e  r eac t ion .  This 3s of 
i n t e r e s t  i n  t h e  l i g h t  of our  previous work as w e l l  as t h a t  by Cope 
has  s h a m  t h a t  t h e  exchange t akes  place t o  an e a s i l y  measurable l e v e l  during 
t h e  course of "dry" pyro lys i s .  
phenomenon and i s  cu r ren t ly  being t e s t e d  by f u r t h e r  exgerimentation. 

which 

A pos tu l a t e  has been made t o  explain t h i s  

Tky phenylisocyanide work has  a l s o  been continued. A note  w a s  
publ ished.  
at t h e  American Chemical Society meeting i n  De t ro i t .  The major items t o  
be covered i n  t h e  paper  at t h e  ACS meeting are t h e  r eac t ions  which t h e  
phenylisocyanide-borane adduct undergoes wi th  e t h e r e a l  hydrochlor ic  ac id  
and aqueous hydrochlor ic  ac id .  
wi th  a h a l f  mole of diborane and t h e  r eac t ion  of phenylisocyanide with 
boron t r i f l u o r i d e  w i l l  a l s o  be  reported.  

Progress since t h e  publ ica t ion  of the note  i s  t o  be reported 

The r eac t ion  of two moles o f  phenylisocyanide 

1. W. Doering and A. K. Hoffmann, J. e. Chem. SOC. 77, 521 (1955). 

2. A. C. Cope, N, A. LeBel,  P. T. Moore, W. R .  Moore, J. &. Chem. SOC. 

3. J. Tanaka and J. C. Carter, Tetrahedron Letters 5, 329 (1965). 

- 83, 3861 (1961). 



9. 

CLATHRATE HYDRATES 

Truman H. Jordan,  NASA Research Associate i n  Crystallography 
by 

The c r y s t a l  s t r u c t u r e  ana lys i s  of H2C03-Et20 had t o  
oe aoandvncd &Ue tt izii i n z b i l i t y  tn  cbtain c r y s t a l s  of t h e  
compound t h a t  are stable f o r  any length of  t ime.  The compound 
i s  apparent ly  very uns tab le  i n  t h e  presence of any amount of 
H20. 

hydrate.’ 
known gas hydrate  t o  c r y s t a l l i z e  with t n e  t e t r a g o n a l  water 
l a t t i c e .  
na tu re  of the motion o r  d i so rde r  of t h e  bromine molecule 
i n s i d e  t h e  water cage. 

Data are now be ing  c o l l e c t e d  on c r y s t a l s  of bromine 
This is a gas c l a t h r a t e  hydrate .  It is t h e  only 

T h i s  c r y s t a l  s t r u c t u r e  ana lys i s  should r evea l  t h e  

1. K. W. Al len  and G. A. J e f f r e y ,  J,. Chem. Phys. 38, 2304 (1963) .  
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10. 

CRYSTAL STRUCTURES OF HYDRATES 
by 

Thomas C .  W .  M a k ,  NASA Research Associate i n  Crystallography 

The c r y s t a l  s t r u c t u r e  of hexamethylenetetramine hexa- 
hydrate  has been determined using three-dimensional data c o l l e c t e d  
at -20 C .  The ana lys i s  revealed a novel type  of c l a t h r a t e  
s t r u c t u r e  c h a r a c t e r i s e d  by hydrogen-bonding i n t e r a c t  ion between 
t h e  hos t  and guest  spec ie s .  
bonded framework c o n s i s t i n g  of s taggered columns of  s l i g h t l y  
puckered (H20)6 r i n g s  cross-linked t o  one another .  

hexamethylenetetramine molecule i s  loca ted  i n  a cage within t h i s  
framework, and i s  hydrogen-bonded t o  t h e  water l a t t i c e  through 
three of i t s  four  n i t rogen  atoms. A s h o r t  no te  on t h i s  s t r u c t u r e  
has been submit ted f o r  publ ica t ion  i n  Science.  

The water molecules form a hydrogen- 

Each 

I n  our  i n v e s t i g a t i o n  on t h e  hydra tes  of simple a l i p h a t i c  
amines' and r e l a t e d  compounds, a prel iminary survey of t h e  c r y s t a l  
data has been c a r r i e d  out .  D r .  R. K.  McMullan and I have 
c o l l e c t e d  a complete set of  i n t e n s i t y  data on tetramethylammonium 
hydroxide pentahydrate ,  and e f f o r t s  are be ing  made t o  so lve  i t s  
c r y s t a l  s t r u c t u r e .  

A paper  on t h  s t r u c t u r e  of  t h e  tetrahydrofuran/hydrogen 
s u l f i d e  double hydrate' has been wr i t t en  and accepted f o r  
pub l i ca t ion  i n  t h e  Journa l  of Chemical Physics.  

1. Thomas C .  W. M a k ,  Second Semi-Annual Report ,  November 1, 1964. 



1.1 . 
INVESTIGATION OF THE SCATTERING OF SEISMIC 

WAVE3 FROM GEOLOGIC DISCONTINUITIES 
by 

Walter P i l a n t  Associate Professor  of  Geophysics 
Department of Earth & Plane tary  Sciences 

Work on t h e  r e f l e c t i o n  and t ransmission c o e f f i c i e n t s  o f  Rayleigh 
waves around an edge is s t i l l  underway. There w a s  a delay while  an 
a d d i t i o n a l  p i ece  of equipment w a s  purchased t o  g ive  a stable  eiecii-uriic 
delay t o  cance l  t h e  a c o u s t i c a l  delw inhe ren t  i n  se i smic  modeling 
techniques.  F i r s t  r e s u l t s  show q u a l i t a t i v e  agreement w i t h  t h e  t h e o r e t i c a l  
f irst  o rde r  approximation which shows antisymmetry about 180°, i . e . ,  no 
edge. Also a computer program w a s  wr i t t en  t o  linearize d a t a  obtained from 
non-l inear  t i m e  sampling and t o  determine t h e  l i n e a r i t y  o f  t h e  osc i l loscope  
d i g i t i z a t i o n  equipment. 

During work w i t h  t h e  seismic models, which are th in -p la t e  
approximations t o  two-dimensional wave propagation a d ispers ion  of  t h e  
su r face  waves w a s  observed which i s  apparent ly  due t o  t he  f i n i t e  th ickness  
of t h e  p l a t e .  Fu r the r  i nves t iga t ion  of t h i s  phenomenon w i l l  be c a r r i e d  
out  i n  t h e  nea r  f u t u r e .  

I n  add i t ion  t o  t h e  model seismology experiments,  add i t iona l  f i -  
n a n c i a l  suppor t  has been obtained from an A i r  Force g ran t  t o  proceed on 
t h e  l a r g e r  problem which inc ludes  t h e  ana lys i s  o f  real se i smic  su r face  
waves. This support  w i l l  a.llaw t h e  reduct ion and ana lys i s  of data col- 
l e c t e d  by t h e  world-wide network of s tandard ized  se i smic  s t a t i o n s  operated 
by t h e  U. S. Coast and Geodetic Survey. Data from t h i s  source w i l l  be 
used t o  compare with t h a t  obta ined  from t h e  model se ismic  s t u d i e s  which 
have been underway i n  o rde r  t o  provide a more accura te  model o f  t h e  
s t r u c t u r e  o f  the ear th 's  c r u s t  and upper mantle. 
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12. 

PROGRESS REPORT 

R .  Stoneley, Professor o f  Geophysics 
by 

Department of  Earth and Planetary Sciences 

Since t h e  last r e p o r t  my research work has 'been concerned mainly 
with ( i )  su r face  e l a s t i c  waves i n  an i so t rop ic  media, (ii) earth t i des .  

( i) A paper on t h e  propagation o f  su r face  and body waves i n  a medium 
with orthorhombic symmetry has been published: t h e  peophysical i n t e r e s t  
is t h a t  i f  t h e  E a r t h ' s  mantle, thought t o  c o n s i s t  l a r g e l y  of  o l i v i n e ,  
possesses  marked anisotropy,  then t h i s  should show up i n  v a r i a t i o n s  o f  
wave-velocity with d i r e c t i o n .  The absence of  such v a r i a t i o n  shows t h a t  
any such anisotropy is  masked by t h e  random o r i e n t a t i o n  of  c r y s t a l  
agqregates.  

A paper on t h e  p o l a r i s a t i o n  of S-waves i n  an i s o t r o p i c  medium, 
This regarded as t h e  l i m i t  of a cubic medium, has now been published. 

v e r i f i e s  a conjecture  t h a t  two of t he  t h r e e  types of waves i n  a cubic 
medium degenerate t o  two d i s t o r t i o n a l  waves p o l a r i s e d  i n  d i f f e r e n t  planes.  

An i n v e s t i g a t i o n  of su r face  waves along t h e  i n t e r f a c e  between two 
cubic media is  being c a r r i e d  o u t ,  with marked success ,  by Mr. W. Johnson 
under my d i r e c t i o n .  

(ii) 
may poss ib ly  depend on r eg iona l  v a r i a t i o n s  i n  t h e  c r u s t .  To estimate t h e  
o rde r  of magnitude involved a s impl i f i ed  example has been inves t iga t ed  
mathematically,  i n  which there is a pe r iod ic  v a r i a t i o n  o f  r i g i d i t y  i n  t h e  
mantle. 

The wide discrepancies  i n  e a r t h  tilt measurements i n  d i f f e r e n t  regions 

The Committee of  t h e  I n t e r n a t i o n a l  Seismological Summary has been 
much occupied with t h e  sett ing-up of t h e  I n t e r n a t i o n a l  Seismological 
Research Center;  t h i s  involved a meeting of t h e  I.S.S. Committee las t  
November i n  Edinburgh. 
i n  t h e  U.G.G. I .  Chronicle,  t h e  organ of t h e  I n t e r n a t i o n a l  Geodetic and 
Geophysical Union. 

My r e p o r t ,  as Chairman, w i l l  s h o r t l y  be published 

An a r t i c l e  on "Tsunamis" i s  await ing pub l i ca t ion  by t h e  Pergamon 
Pres s .  



13. 

EARTH mm STUDIES 
b Y  

R.  i). Wyckoff, Professor o f  Geophysics 
Department of Earth and Planetary Sciences 

Instruments 

T'ne LaCoste-Eoiiibsrg earth t i d e  g rav i~e te r  h~ls been on o rde r  f o r  
about twelve months. A s  of February the manufacturers reported t h e  
assembly p r a c t i c a l l y  complete and t h a t  t e s t i n g  could be started i n  a 
time. Since t h e  r e s o l u t i o n  of t h e  instrument w i l l  be b e t t e r  than 10 F: 
t h e  t e s t  pe r iod  could be q u i t e  prolonged s i n c e  minute detai ls  of 
cons t ruc t ion  and assembly a r e  involved and t h e  long-term d r i f t  c h a r a c t e r i s t i c s  
of t h e  sp r ings  must be determined. 

-ghort 

Delivery could be expected i n  hay. 

In  o rde r  t o  nave available a complete complement of equipment f o r  
t i d a l  measurements a p a i r  of  h igh - sens i t i v i ty  tilt meters w a s  purchased from 
t h e  Hoyal Observatory o f  Belgium and received i n  September, 1964. 
Verbaandert/Melchoir Type I1 hor i zon ta l  pendulums are of a l l -qua r t z  design 
and are probably t h e  best  instruments of t h e  type p resen t ly  ava i l ab le .  
The equipment i s  complete with photo-recorder and c a l i b r a t i o n  devices.  
Ultimately,  as i s  t r u e  of t h e  cravimeter,  they should be adapted f o r  
d i g i t a l  recording. 

l'hese 

Unfortunately one of t h e  40 mm. qua r t z  suspensions of one instrument 
It d i d  not appear judicious t o  r e t u r n  t h e  instrument was broken i n  t r a n s i t .  

f o r  r e p a i r  but  s u i t a b l e  qua r t z  f i b r e s  are a v a i l a b l e .  
when s u i t a b l e  f a c i l i t i e s  and observation s i t e  are ava i l ab le .  

Repair w i l l  be-done 

Earth- t ide Observation S i t e  

The t i d a l  gravimeter w i l l  require  no very s p e c i a l  s i t e  s e l e c t i o n  as 
regards ground s t a b i l i t y .  
r e s o l u t i o n  be t te r  than 0.001 seconds of a r c  r equ i r e  an extremely s tab le ,  
gene ra l ly  s o l i d  rock environment. 
l o c a l l y .  
a lone as is  f r equen t ly  necessary because of  environmental condi t ions.  

On t h e  other  hand t h e  tilt meters w i t h  a 

Such a s i t e  is not p re sen t ly  a v a i l a b l e  
However, s i g n i f i c a n t  t i d a l  data i s  obtainable  from t h e  gravimeter 

Geophysical Laboratory S i t e  

Since about November 1964 t he  Universi ty  has had a v a i l a b l e  an 
abandoned Nike Control l o c a t i o n  about 15  miles from t h e  campus comprising 
e i g h t  ac re s  adequately fenced. 
s i t e  as a l abora to ry  f o r  seismological and related geophysical s t u d i e s ,  one 
o f  t h e  small bui ldings was repaired,  equipped with s u i t a b l e  c o n t r o l l e d  
e l e c t r i c  h e a t i n g  and seismic equipment temporar i ly  i n s t a l l e d .  
comprise a Benioff V e r t i c a l ,  two Wenner h o r i z o n t a l  pendulums, a s soc ia t ed  
galvanometers t o g e t h e r  with a 3-drum 24-hour photo-recorder. 
instruments  which when reconditioned appeared s u i t a b l e  f o r  ambient no i se  
level  t e s t  purposes. 

I n  order  t o  t e s t  t h e  s u i t a b i l i t y  of t h e  

The instruments 

These are o ld  
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T h i s  equipment nas been operated more o r  l e c s  continuously f o r  t h e  
p a s t  s e v c r a l  months u s i n e  t h e  concrete-slab f l o o r  cf t'?e srnzl' one-story 
cozc rc t e  block bu i ld ing  f o r  tile instrument sunr?or%. Acccrciic:I-,r, t h e  t e s t s  
a r c  handicanped by ino rd ina te  bu i l a inp  and wicd n c i s c  as comarer! t c  a 
pro?cr underm-rim4 v a u l t  w i t n  i so l a t ed  p i e r s .  iIw:vcr. -ene-it annroximate 
c a l i b r a t i o n s  of tn-2 Vert ical  Seismometer i n d i c a t e  t n a t  i n  t:ie aosezce of' 
heavy wind t h e  ambient cround "noise '  n m l i t u d e  i s  on t.:e crrler of 1 x lo'> m 
i n  the 1-2 C D S .  ran;e s u i t a b l e  f o r  f i r s t  a r r i v a l  E-wavc d e t e c t i x .  
S a t i s f a c t o r y  onerat ion of trie Benicff  v e r t i c a l  a t  a r n a m i T i C ; L t i c j : i  of  n r c m d  
17,000-20,WU i n  t h i s  freouenc;: range i n d i c a t e s  t n n t  +.he iiike SLte shculr! 
be q u i t e  s u i t a b l e  f o r  cormal t e l e se i smic  l abora to ry  p u r m s e s ,  6,spcPially i f  
provided w i t n  t h e  usual  undermound instrument v a u l t .  

As y e t  I have found no s a t i s f a c t o r y  f a c i l i t i e r  tc c a l i b r a t e  t h e  
h o r i z o n t a l  Dendulums altnouirn d i s t m t  e a r t h o u a k e s  have i x e n  s a t i s f n c t o r i  !:I 
recorded. The instruments arc operat ing at lq-seconi m r i n d s  w i + b  l> - sccond  
galvanomrtcrs a n d  at t m u a t c r !  t o  1 i m l t  t h c  microsnismic nriise t o  t o l e r a o l e  
l e v e l s .  ?'ne predominant micrqseisms are i n  t h e  usual  ranm of 5-0  zec0r.d 
per iods and any f i n a l  n m b i c n t  n o i s e  t e s t s  would r e q u i r e  a sharr  e l i - i n a t i c n  
f i l t e r  a t  t h i s  frequency. k r e o v c r .  wind m i s e  i n  t n e  q r n s e n t  h u i l a i c r  
environment i s  a maior a ? + i t i m a l  dist.urbat?-e which would be larceli: 
e l iminated by a v a u l t .  However. t hese  i n s t r i m w t ?  a l m p  w i t : ;  t h ?  v e r t i c a l  
seispometer.  i n d i c k t c  t h a t  with a vnult b u i l t  i x t o  tnr. h i l l  about ?U f c c t  
below t n e  unper groiind l e v e l ,  t ? c  !dike SiL.e would b e  i u i t c  sui t?F 'c  f ? r  
t c lpse i s r c i r  laboratory mn-non-s. a:: w n l !  8s d h c r  f--onhysica? obst-rvatinm. 

When snnce i n  t h ?  new bu i l c ing  i s  acquired we w i l l  n7-m airailnbI? t h r  
nucleiis of shoD- fac i l i t i e s  s u i t a b l e  f o r  normal r e a s i r  and experimental 
develonoent work. The l a t n e ,  v e r t i c a l  m i l l i n r  mschine , d r i l l  mess arid 
a s s o c i a t e d  small bench t o o l s  a r e  intended t o  se rve  only as laooratory t o o l z  
without wnicn r e sea rch  i s  seve re ly  handicapped. Job s h o r s  f o r  ma.ior work arc: 
a v a i l a b l e  elsewhere. 

Miscellaneous -- .---- 

When c a l l e d  upon I have provided some a s s i s t a n c e  with i n s t r u m c t s t i m  
nroblems involved i n  miscc?lfanc3us nro,ic?cts. ! ' rPsently t k i z  I '-cludcs 
nrel iminary c m s i d e r n t i o n  of cc r t a in  equipnent f o r  oceanosrzphic use.  
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14. 

GEXEFUL RELATIYITY 

bjr 

k i a n  ET. Thoqson, Ass i s t an t  Professor  of' Xztneiiatics 

The gro;zp whose 7,rorl; i s  here  reported cons ls - :~  of myseli' and 

two resexrch s tudents ,  M r .  R. R e y n o l d s  and N r .  R. R o m n .  

Since t h e  last r e p o r t  t:.ro papers have been submitted for 

pliblic at ion  : 

2) 

b)  -- On Prodective-Symmetric Spaces. - (with R. Reynolds) 

A --. Ciass of R e l a t ~ i - { $ ~ a ~ ~ -  Tirnes.  

P or the Ph.D. pre1L:iinar;T e;ta;,lliilations of t h i s  In s t i , u t ion .  Present  Var!i 

and :?xt~rre programes  -,:ill. now be out l ined .  

2. A Class of Related SDace-Times. 

(2.1) 

where Tab is t h e  metr ic  of Minkowski Space i n  coorc ina tes  which are 
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CzrLes3.c.n but  not  necesoz r i ly  r e c t a n q d a x .  "lie vec to r  f i e i d  k" (k,) 

(2 .2 )  I 
-.fiere 1; i s  regarded 

i n  Vl,-. V i t h  (2.2) a 

a 
I 

I 

- 
(2.23) 

i n i t i a l l y  as def in ing  a 

short c a l c u i a t i o n  gives  

n u l l  cova r i an t  v e c t o r  f i e l d  

-abi, =id conseyaently t h e  v e c t x  5 - c l d  k (ka) is . a ab 
i h r e  -: = g  1 \ = g  b' a 

a l s o  a ; iul l  f i e l d  of tiic space--time V4. The equzt ions (2.2) and (2.2a) 

iq2.y the r e l a t i o n  

a ,a .- 
T o r  the connexions f bc and r bc of t h e  space-tknes VL and Vlc 

r e s p e c t i v e l y .  Here :' 11 " denotes coXn''icznt diffcreXLiat ion i n  V 4' 
b 

m-d q ( = k 

r egwded  

k ) is t h e  first curvature  v e c t o r  of the congruence 1:- b 

C c I \ b  
a v e c t o r  f i e l d  of Vl,. 
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Kerr and Sch i ld  have constructed all vaccuuli sii.:-i:t i c m  

prooi') of t he  main results ob'cained. 

(:rv.::cq;-ieiice of t h i s  result is t h c t  if k, I s  a geodesic congruence of 

V4 t hen  it i o  a l s o  a geodesic conpyaelice of V4. 
h 

Tne e,xpansion of t h e  congruence k is  i n v a i w - t  wider t he  a 11. 
h 

t ra i lsfonnat ion E VI.===) 2 E v;;. =le o p t i c a l  sca1ars;  shear  6 
?ad r o t a t i o n  z s soc ic t ed  wi th  t h e  congruence i n  t h e  two space 

transform as 

a -r a 

8 '> 2 h i -  

= Li + 1/2  g q . 
a 

Consequently for 8 Scodesic congruence ka t h e s e  scaL2.r~ a r e  also iiivaric?:ic. 

(For a ciisciisaion o f  '.,:le t e r n s  "expansion" "shear" m d  "rctztion" 8s 

a-pplieu t o  a n u l l  congruence see  t he  work of I.!. Kmdt  [)+I an6 R. K. Sachs 

c3 
111. If t h e  spaces V1; znd V4 a r e  assumed t o  be q e c i a l  E i n s t e i n  s-izce 

= 0 . )  the11 ~ : i c  r-.m,7-riicncc k a is  necessar5l.y Seodesic. 
-b - 
(%.b -- R& 
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# 

For T,?, of s ignc tv re  i-2 t h e  degenerate czses  ere g;l.Jen by t n e  Segr; 

c h u m t e r i s t i c s  [211] , [31 ] and t h e i r  subc lasses  [(211)] 2nd [(31)1 - 
For sab of Segre char2.cter is t ic  [(211)] we have the ccnonical  form 

Tne s p e c i a l  ccse  

For the c h a r a c t e r i s t i c  we have t h e  c m o n i c r l  :C'ord 

2 = 1, is that considered by Kerr ?nd Schi ld .  
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We consider a space-time Vlrr  t h e  m e t r i c  t enso r  of which is given by 

(3.3) 

o r  

(3 .4)  

where 

as i n  

It i s  

2a 
‘ab + kakb* = e  

‘ab 

( akb) ’ 2a + 22 gab = e ‘ ab 

the  vectors k and z satisfy t h e  same orthogonality r e l a t i o n s  

(3 .1)  and (3.2) and a i s  an a r b i t r a r y  function of t h e  coordinates. 

proposed t o  ca l cu la t e  the  classes of s p e c i a l  Einstein spaces 

a’ a 

( g r a v i t a t i o n a l  f i e l d  i n  vacuo) whose metric t enso r  can be expressed 

i n  t h e  above forms. 

4. Projective-Symmetric Spaces. 

The authors Gy. Soos [6 ]  and B. Gupta E71 have considered t h e  

c l a s s  of Riemannian spaces V 

de r iva t ive  of t he  projective-curvature t enso r  of t h e  space vanishes. 

Such spaces they c a l l  Projective-Symmetric, and t h e i r  work is  concerned 

mainly w i t h  the  genera l iza t ion  of r e s u l t s  which are t r u e  f o r  a symmetric 

space [8] .  

symmetric spaces = symmetric, and consequently t h e  r e s u l t s  of t h e  

above authors follow immediately. The more important results t h a t  w e  

have obtained are as follows:-- 

( n  > 2)  f o r  which t h e  f i r s t  covariant 
n 

We have s h a m  tha t  for t h e  Riemannian case a l l  projective- 

I. I n  t h e  Riemannian case, a l l  projective-symmetric spaces are symmetric 

i n  t h e  sense of C a r t a n  181. 

11. For an a f f ine  space wi th  symmetric connexion, A 

e x i s t  projective-symmetric spaces which are not symmetric. 

(n  > 2) there 
n 
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111. A projective-symmetric A which i s  decomposable [ 9 :  i n  necessarily 

a symmetric space. 
n 

I V .  

necessarily a symmetric space. 

For a Weyl Geometry W [lo], a projective-symmetric space i s  
n 

5 .  The Shear-free Motion of a Fluid i n  Space-Time. 

An introduction t o  t h i s  problem w a s  presented i n  t h e  Supplemental 

NASA report ,  1964. I t  w a s  there suggested t h a t  an approach t o  the  problem 

could be made by means of a confomal transformation from a space con- 

ta ining a r i g i d  congruence of t ime- l ike  curves. 

work of Pirani  and W i l l i a m s  [ll].) 

general associate a shear-free motion with a r i g i d  motion ( i n  t h i s  manner), 

the  in t eg rab i l i t y  conditions cannot be obtained. (This is  apparently due 

t o  the fac t  t ha t  a four-index tensor  wi th  the symmetries of the Weyl 

Conformal Curvature Tensor E121 is, i n  a three-dimensional space, nec- 

e s s a r i l y  zero. ) 

(See fo r  example the 

Unfortunately, though one can i n  

However given a general non-null vector f i e l d  i n  space-time ua, 

w e  can associate with t h i s  the s e t  of vectors ea (IJ = 1,2,3.) such 

t h a t  u ea = 0,  a l l  IJ. 

set  ea spans a three-dimensional hypersurface embedded i n  t h e  space-time; 

i f  the rotat ion of the congruence i s  

define a system of hypersurfaces of the  space. 

the domain of the  vector fields f a  ( p  = 1,2,3. ) as an Anholonmic V 

within the  space-time. 

work of Schouten [ 131. ) 

IJ 
If the congruence ua i s  i r ro t a t iona l ,  then the  

au 

IJ 
zero then the f i e l d  ua w i l l  not 

However one can in te rpre t  

3 
4 

(For general reference t o  such concepts see t h e  

We hope t o  use the concept of an Anholonomic 

5 
V4 
methods, and then t o  seek application t o  the general problem of a 

space-time admitting a shear-free motion. 

t o  obtain t h e  results of Pirani  and W i l l i a m s  [ l l ]  by covariant 
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6. Spaces with Double-Recurrent Curvature Tensor 

A n  attempt t o  construct space-times f o r  which t h e  curvature tensor  

satisfies a condition of t h e  form Rabcd 

w a s  i n i t i a t e d  i n  the  last report .  

case (Rab = 0.)  and the object w a s  t o  obtain new solutions of the gravita- 

t i o n a l  f i e l d  i n  vacuo. Some interest ing geometrical resu l t s  were obtained 

but it w a s  discovered that the  class  considered w a s  ident ica l  w i t h  the 

The discussion w a s  l i m i t e d  t o  t h e  vacuum 

"class of plane-wave solutions w i t h  pa ra l l e l  rays" previously discussed 

by W. Kundt [14]. 

t he  space-times f o r  which 

The results further suggested t h a t  a discussion of 

= 0, - 
P ab c d ;e f - Kef '&cdi R& 

might lead t o  h i the r to  unknown solutions of the Einstein vacuum f i e l d  

equations. Here P i s  the "complexified" Riemannian Curvature Tensor 

of Kundt [14], and K is  not necessarily real. 
abcd 

ef  
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THEORETICAL STUDY OF FLOW SEPARATION 

R. K. Duggins, NASA Research Associate i n  Mechanical Engineering 
by 

A t h e o r e t i c a l  ana lys i s  o f  flow separation has  continued, and 
considerable progress has  been made towards achieving the  ult imate objec t ive ,  
v iz . ,  the  f’usion i n t o  a s inp; le  composite u n i t  of t he  two d i s t i n c t  p o t e n t i a l  
flow theor i e s  h i t h e r t o  used t o  describe regions of  separated flow. 

The two theo r i e s  a re  the  c l a s s i c a l  f r e e  streamline theory and the  
trapped vortex theory. Application of t he  former gives a f a i r l y  accurate 
de f in i t i on  of the p r o f i l e  of t h e  dividing streamline,  whereas t h e  l a t t e r  
gives a b e t t e r  descr ip t ion  of v o r t i c i t y  d i s t r i b u t i o n  and a bet ter  repre- 
s en ta t ion  of t h e  reattachment process which of ten  forms a sequel t o  flow 
separa t ion .  
of  the a t t r a c t i v e  fea tures  of  the two b a s i c  theo r i e s  w i l l  be re ta ined  i n  
t h e  composite one when t h e  l a t te r  is applied t o  a wide range of flow 
separa t ion  problems. 

It has been confirmed i n  t he  current inves t iga t ion  t h a t  many 

I n  the  method of  ana lys i s  being developed, the separa t ion  region 
is  considered t o  be an i n t e g r a l  p a r t  of the  t o t a l  flow pa t t e rn ,  a vortex 
sheet being assumed t o  separa te  t h e  i n i t i a l  p a r t  of the separation region 
from t h e  main flow stream. The remainder of the v o r t i c i t y  i s  taken t o  be 
trapped i n  the  separated f l u i d  and concentrated a t  the poin t  cen t re  of t h e  
c i r cu la to ry  flow within the  region. The loca t ion  of t h i s  vortex cent re  
and t h e  complete d i s t r i b u t i o n  of v o r t i c i t y  are uniquely determined i n  t h e  
course of  s a t i s f y i n g  various stabil i ty requirements. A feature o f  the  
new method is  t h a t  only one item of empirical  data i s  required f o r  com- 
p l e t i o n  o f  t h e  so lu t ion ;  t h e  s i z e  of the  separa t ion  region i s  governed 
by the po in t  a t  which the  main flow stream reattaches t o  the  bounding w a l l ,  
and t h i s  po in t  i s  loca ted  by experimental pressure measurements. 

It seems l i k e l y  t h a t  t h e  type o f  flow problem t o  which the newly 
developed theory w i l l  be most appropriate i s  that  i n  which the flow stream 
con t rac t s  p r i o r  t o  separa t ion ,  and i n  which separation occurs at a c l ea r ly  
defined poin t .  Typical geometrical configurations which exhibit these 
flow c h a r a c t e r i s t i c s  are t h e  sudden contraction and the  elbow bend, so 
t hese  have been chosen f o r  t h e  i n i t i a l  application of the composite theory. 
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16. 

ZEPORT OF ATOI,'IC BEN8 LA2OIIATORY ACTIVITIES 
by 

W. L. F i t e ,  Professor  of Phys ics ,  
R .  T. Brsckmpnn, Research Assistant, 

P ro fes so r  of  Physics and E l e c t r i c a l  SnglriwrinG, and 
W. E. iienderson , Research Associate  i n  ?hysics  

During t h e  p a s t  s i x  ronths  t h e  atomic :'eax l abora to ry  
has  made very s a t i s f a c t o r y  progress  both i n  p rosecut inc  ex is t i r ,g  
programs a n d  i n  obta in ing  support  f o r  p rogram which w e  iisd 
wantec? t o  unr?ertake. :*!e s u m a r i z e  each o f  t3eece i n  tcr,. 

A.  Keavy Ion C o l l i s i o m  . The exper i -ec ta l  T m T r F -  cp, t h e  stuc!j. 
of  char re  chnr,&ing c c l l i s i o n s  of heavy iocs  i n  rases ?recee?ed 
w e l l  dur ing t h e  fall wd e a r l y  win ter  mr! t h c  e n t i r e  s e r i e s  of 
ncasurcxcnts  of  Fe' i n  I: ?, c)? m.d A r  i re re  colnFlete2. 
range of 50 t o  5nO kev W B S  aza in  use6. 

? e  ecercr 

The p - i n c i p a l  poixts o f  i n t e r e s t  have come t'hrnuEh ?,he 
corpar i scn  of  Fe' and A1 
t h e  var ious cases. While again it vas observed t l i a t  s t r i p p i n r  
of  a m e t a l l i c  i on  t o  Torn R 2oubl.y ( o r  h i f?her>  chnrged ion  i s  
much more proninent  than  fqr t h e  more usua l  ewes where t h e  
Drimary ion  has a h ighe r  Tecond ion iza t ion  p o t e n t i a l ,  i t  hs.s 
been p a r t i c u l a r l y  s u r p r i s i n g  t o  find. t h a t  when the  t a r g e t  gtls 
i s  moleculnr t h e  s t r i p n i n g  cross  s e c t i o n  exceeds t h e  charge 
capture  c ros s  s e c t i o n  b u t  when the  t a r g e t  gas i s  A r ,  t h e  
s t r i p p i n g  c ross  s e c t i o n  i s  s u b s t a n t i a l l y  less than  t h e  capture  
c ros s  s e c t i o n .  
c ros s  s e c t i o n  on whether t h e  t a r g e t  gas i s  a t o r i c  o r  molecular 
i s  not  understood, bu t  i f  a general  p a t t e r n  of  t h i s  na tu re  i s  
found wi th  o t h e r  m e t a l l i c  ions  s e v e r a l  i n t e r e s t i n g  consequences 
f o r  upper atmosphere phenonena w i l l  follow. 

as t h e  p r imar j  ions ?.z c c l l i s i o n s  wit?, 

This s t r o n e  apparent deoeniience of  t h e  s t r i p p i n g  

These experiments were suspended following t h e  Fe' 
measurements t o  accomnodnte o the r  needs for both t h e  500 kev 
VSII iie Graaff machine and t h e  vacuum system be inc  used. I n  
r ecen t  nonths t h e  only a c t i v i t y  i n  t h i s  program has been t h e  
development of a fl i on  source f o r  t h e  next  series o f  measure- 
ment. This new series should commence i n  about another  month, 
and run through most o f  t h e  summer. 

This  work i s  supported by General  Djnm.ics/General 
Atomic as a por t ion  of t h e i r  prime con t r ac t  with t h e  A i r  Force 
Special Weapons Center. 

%. Hydrogen Aton Col l i s ions .  This program w a s  funded e f f e c t i v e  
October 1 by t h e  Nat ional  Science Foundation. Since i t s  level  o f  
Support  w a s  s u b s t a n t i a l l y  below t h a t  reques ted  it has necessa r i ly  
proceeded somewhat slowly. The major a c t i v i t y  has  been t h e  
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purchase o f  t hose  components which a r e  commerically a v a i l a b l e  and 
t h e  desig? and f a b r i c a t i o n  of t h e  many mor? cornpoP@nt.s which a r e  
no t  purchzsable .  

A t  t h i s  p o i n t ,  t h e  vacum pumps, trans, e t c .  , are i n  F-r3 
and e a r l y  i n  A p r i l  t h e  m3in vaciium chamber system ( th ree - s t ages )  
was de l ive red .  A t  p resent  t h e  vacuurr system i s  b e i w  assembled 
2nd t h e  remainirg p a r t s  o f  t h e  con t ro l  c i r c u i t r y  e t c .  a r e  b e i n r  
f a b r i  c a t  ed . 

It has not  y e t  been f i n a l l y  determined which o f  s e v e r a l  
very important ehperiTents  w i l l  be ca r r i e i i  o u t  on t h i s  annaratiis 
first, upon i t s  completion. Present  i n c l i n a t i o n s  a r e  t o  *mder- 
take e x c i t a t i o n  of Lyman a lpha  r a d i a t i o n  us inc  a narrcw enerrjr 
spread  e l e c t r o n  gun (which, i n c i d e n t a l l y ,  i s  i n  ex i s t ence )  as 
t h e  f irst  ?roblem. 

This propram i s  funded under ??SF G r - n t  Yo. GP 3593. 

C. E lec t ron  Co l l i s ions  wi th  YxcitPC! ’ lolecules .  The proarm f o r  
s tudy  o f  c o l l i s i o n  p r o p e r t i e s  o f  e x c i t e d  states of polecules  w a s  
prompted by t h e  observat ion t h a t  t h e  c ross  s e c t i o n  curve f o r  
d i s s o c i a t i v e  attachment s h i f t s  by a dra.natic 2 e v  only upon 
hea t ing  t h e  0, t o  a g e n t l e  2S09°1< ( I / {  e v ) .  
suggested t h a t  c o l l i s i o n  c ross  sec t ions  f o r  exc i t ed  nolecules  
?oul(! vary f roz  those  f o r  groundstate  no lecules  hy Ferhapr, order: 
of magnitude. A proposal  t o  cxarrine t k i s  t h m i s  vas 3prJroved by 
tiie Defense ..?toxic Support ASenc:r 2nd tiie I?rw Pcsetirc?A Pf’Tice 
(3urhan)  atid t h i s  prop-&? sras f w ? e 2  on 3cceF?Ter I , l?r’ . 

tuch a ?rz-..atic s h i f t  

Xxtremely [gratlf;-in,; progrcsc has Lee12 ~ n - i e  ox Y-Ls 
rrograr. ir: t yke  four .o!it’is of’ i t s  ex is tence .  ?he d e t a i l s  o f  
d i s s o c i a t i v c  a t t ac l i r ec t  fron excitec! C are r ap id ly  becoming 
known from t h e  ncdula+,ed crossed beam exper ivec ts  heinE p e r f o r m 2  
w i t h  t h e  sx,,zll a t o i i i  5ear: yichine x x s t r u c t e c ?  v i t h  SPCC fm?s. 
It docs indeec? s e c r  t h a t  d i s s o c i e t i v e  attnc’-?r-.erit CroC? sec t ion2  
have n q n i t u d e s  which 6eper.d s t r o n g l y  on t h e  stt.t,e of  cxc i t a t io r .  
(i.e., an inc rease  5y factor of s e v e r a l  ~ i i i n ~ ~ r e <  f o r  c x c i t z t i c r  
l e v e l s  of about 1 ev) .  F u r t h e r ,  f o r  2 i s s o c i a t i v e  at,tzc!iWLerit --t 
z given e l e c t r o n  ener,7jr all S t h t C c ,  zbove s o w  :tniT-m qtqt,e have 
t h e  sarx values  for t h e  cross sec t ion .  These f ind in r s  c2ppear t o  
e s t a b l i s h  an unexpected p a t t e r n  which w i l l  be of a i d  i n  t h e  f u r t h e r  
development of c o l l i s i o n  theory end which have d i r e c t  aFp l i ca t ion  
t o  a number of  high ternperature Fhenorena. I n  add i t ion ,  i t  seerx 
c l e a r  t h a t  t h e  e f f e c t  does not requi re  e l e c t r o n i c a l l y  e x c i t e d  
states , b u t  t h a t  probably r o t a t i o n a l  a n d  v i b r a t i o n a l  e x c i t a t i o n  
i s  r e spons ib l e  f o r  the  e f f e c t s .  

2 

To date these  experiments have not  -sed t h e  monoenergetic 
e l e c t r o n  gun which w a s  constructed by D r .  Henderson using SRCC 
funds.  ‘de a n t i c i p a t e  t h a t  s h o r t l y  the  p re sen t  e l e c t r o n  eun w i l l  
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:*!. I,. F i t e ,  
F. 7'. Rrackmann, a n d  
51. R .  !iendcrson 
?we  3 

be rep laced  5y t h e  lnonoenerFetic p n  arrd t h s t  cons iderable  d e t a i l  
on t h e  d i s s o c i a t i v e  attachment process w i l l  be  obtained f a i r l y  
r ap id ly  . 

This  work i s  supporte3 by Grant Yo. n A - ~ - ~ o - n - ? l - l 2 b - ~ ~ ~ 7  
from t h e  Army Research Off ice  (Durham). 

D. Reutral-Neutral  React ive Co l l i s ions .  A proqram tr\ s tuzy  
using modulated crossed beam techniques , c o l l i s i o n s  between 
molecules and free r a d i c a l s  i n  which chexica l  r e a n t i o n s  occur ,  
w a s  proposed las t  s p r i n g  as a major par t  of  t h e  o v e r a l l  a c t i v i t i e s  
o f  t h e  Atonic Bern, Lab. 
progrcm w a s  t h e  s tudy of  c e r t a i n  of t h e  neu t r a l -neu t r e l  r e a c t i v e  
processes  be l i eved  t o  be responsible  f o r  t h e  e x c i t e t i o n  of t h e  
e a r t h ' s  n i g h t  a i rglow and c e r t a i n  a u r o r a l  phenor,ena. We are 
?leased t o  r e p o r t  t h a t  t h i s  ?ropram w i l l  comxnce on I1qr 1, it 
be ing  funded through t h e  Space Sciences Div is ion  of  Y K A .  3ince  
much of t h e  b a s i c  apparatus  i s  similar t o  t h s t  be ing  assembled 
i n  connection wi th  our atomic hydroqen c o l l i s i o n  program, w e  
a n t i c i p a t e  t h a t  accumulation o f  the  n e c e s s a r j  equipment f o r  t h i s  
program w i l l  proceed q u i t e  rap id ly .  

O f  primary i n t e r e s t  i n  t h i s  proposed 

LIiscellcmeous. Durinn t h e  per iod  October 25 - Xovember 5 ,  W. L. 
F i t e  v i s i t e d  t h e  Sovie t  Union as an i n v i t e d  cues t  o f  t h e  Academy 
of  Sciences of t h e  U.S.S .R. ,  f o r  t he  purpose o f  v i s i t i n g  
l a b o r a t o r i e s  working i n  t h e  area of atomic c o l l i s i o n  phenomena 
and l e c t u r i n g .  P laces  vis i ted included t h e  A. F. I o f f e  Phys ica l  
Technica l  I n s t i t u t e  Leningrad; Leningrad S t a t e  Univers i ty ;  
Phys ica l  Technical  I n s t i t u t e  of t h e  &ranian  S.S.R., Iaarkov;  
and I n s t i t u t e  f o r  Chemical Physics , Moscow. 

Personnel :  Personnel  involved i n  t h e  programs of t h e  
Atomic Beam Laboratory are D r s .  W. L. F i t e ,  R .  T. Brackmmn, 
W. R .  Henderson and Flr. W i l l i a m  R .  O t t .  
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ATOMIC PHYSICS--THEORETICAL 
by 

Edward Gerjuoy, Professor  of Physics 

The paper ,  "Multiple-Wave Propagation and Causal i ty ,  '' r e fe r r ed  
+ ^  uu iii t h e  1st Semi-Annual Report, h a s  appeared i n  the  Annals of 
Physics,  32, 1-45 (1965). 
r epor t  of t he  Space Research Coordination Center. 
papers during t h e  p a s t  s i x  months include the  review, "Electron-Atom and 
Electron-Molecule Sca t t e r ing  Theory Circa 1964 , I t  a l s o  mentioned i n  t h e  
last Semi-Annual Report, which was presented at t h e  January, 1965, 
New York meeting of  t h e  American Physical Soc ie ty ;  and "Momentum Transfer  
Theorem f o r  I n e l a s t i c  Processes." 
the  Annals of Physics paper ,  follow. The review, being a review, requi res  
no a b s t r a c t ;  i t s  t i t l e  thoroughly describes i t s  contents .  

Reprints of t h i s  paper w i l l  be i s s u G  as a 
Other completed 

Abstracts  o f  t h i s  last paper,  and o f  

* * * *  

Multiple-Wave Propagation and Causal i ty  

The impl ica t ions  o f  t he  p r inc ip l e  of  causa l i t y  ( loose ly  s t a t e d ,  
t h a t  the  response t o  an inc ident  s i g n a l  cannot begin until t h e  s i g n a l  
arrives) a r e  inves t iga t ed  f o r  t he  transmission and r e f l e c t i o n  of e l ec t ro -  
magnetic waves by multiple-wave media ( i .e. ,  media, such as plasmas, 
which can propagate waves of  s eve ra l  d i f f e r e n t  wave numbers 
same frequency ( w ) .  Although many of t he  results obviously have wider 
v a l i d i t y ,  for concreteness the paper takes the medium t o  be i n  f a c t  a 
plasma, while for s impl i c i ty  the  analysis  is r e s t r i c t e d  t o  t h e  s p e c i a l  
case of one-dimensional wave propagation along 2, with the  plasma 
confined t o  a f i n i t e  slab 0 6 2 2 2. 
uniform, and may be stable o r  unstable.  The conclusions drawn include: 
Causal i ty  can be preserved even though the transmission amplitude T ( w )  
and r e f l e c t i o n  amplitude A ( w )  have s i n g u l a r i t i e s  i n  t h e  upper ha l f  
w-plane. 
uns tab le  plasma. 1; s t a b l e  plasmas, t h e  ex is tence  of a branch poin t  at 
I m  w > 0 f o r  one K2 ( w )  implies there  is  at least one o the r  g2 ( w )  with 
t h e  same branch pGint. I n  s t a b l e  plasmas it i s  impossible t o  e x c i t e  one 
such nonsingly-valued K2 ( w )  wave without e x c i t i n g  at l e a s t  one o the r  such 
wave. 
are symmetrically loca t ed  about t h e  imaginary axis. 
complications a s soc ia t ed  with the  l imi t ing  behavior of  the  dispers ion 
equat ion at i n f i n i t e  I w 1 ,  under ordinary circumstances, with s l abs  of 
s t a b l e  plasma, A ( w )  and T ( w )  - 1 each should obey Kramers-Kronig 
r e l a t i o n s .  
d i spers ion  relat ions-- the warm c o l l i s i o n l e s s  plasma ( s t a b l e )  and the  
two-stream plasma ( u n s t a b l e ) .  

( w )  at  t h e  

The plasma m a y  be lo s sy ,  need not  be 

Poles of A ( w ) , - !  ( w )  i n  I m  w > 0 t y p i c a l l y  occur with slabs of 

With i s o t r o p i c  plasmas the s i n g u l a r i t i e s  of 2 ( w )  , A ( w )  i n  I m  w > 0 
Despite some 

The r e s u l t s  &e i l l u s t r a t e d  by reference t o  t w o  a c t u a l  plasma 
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Momentum Trans fe r  'Theorem f o r  I n e l a s t i c  Processes  

AaSTRACT 

3ecent ly  it has been shown t h a t  f o r  p o t e n t i a l  s c a t t e r i n r ,  t h e  
..ell kn=VE optic& thcorzm--rclzt.ticq t h e  t o t a l  c ross  s e c t i o n  t o  t n e  
imazinxry p a r t  of t h e  forward s c a t t e r i n p  amplitude--can b e  genera l ized  
t o  y i e l d  a "momentum t r a n s f e r  c ros s  sec t ion  theorem." 
paper  f u r t h e r  gene ra l i zes  t h e  previous p o t e n t i a l  s c a t t e r i n g  r e s u l t .  
S p e c i f i c a l l y ,  it appears t h a t  t h e  momentum trcmsfer c ross  s e c t i o n  theorem 
i s  v a l i d  a l s o  f o r  many-particle systems, wherein i n e l a s t i c  processes  
occur .  Although t h i s  las t  a s s e r t i o n  Drobably holds q u i t e  gene ra l ly ,  a 
proof i s  given only f o r  t h e  c o l l i s i o n s  of e l e c t r o n s  wi th  atomic hydrogen. 
The proof takes i n t o  account e l ec t ron  i n d i s t i n A u i s h a b i l i t y ,  as w e l l  as 
t h e  p o s s i b i l i t y  t h a t  t h e  inc iden t  e l ec t ron  ion izes  t n e  atom, but  assumes 
t h e  f o r c e s  are not  spin-dependent . 

The present  

Y * * 

During t h e  next  s i x  montns I s h a l l  be working on var ious  
t h e o r e t i c a l  problems bea r ing  on methods f o r  c a l c u l a t i n g  atomic c ross  
s e c t i o n s .  I n  p a r t i c u l a r ,  t h e r e  i s  in  prenara t ion  a review on methods 
of cons t ruc t ing  v a r i a t i o n a l  p r i n c i p l e s  f o r  a r b i t r a r y  matr ix  elements of  
a r b i t r a r y  ope ra to r s .  Some of t h i s  and o t h e r  f u t u r e  work w i l l  be  
supported by ONR and AFOSR con t rac t s .  
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17a. 

MEASUREMENTS OF CHARGE EXCHANGE AND IONIZATION CHOSS SECTIONS 
bY 

Kotu Lul la ,  NASA Research Associate  i n  Physics  

The t o t a l  charge exchange, u + u c ross  s e c t i o n s  f o r  0 1  0-1' 
r?eIAtrsl. a t m i c  hyc?reger? he&! trmK?rsir?g co h n w  beer? ?EacrrreC! to check 
t h e  o v e r a l l  performance of  apparatus .  The r e s u l t s  are i n  fair 
agreement wi th  Drevious measurements. The measurements of c ros s  
s e c t i o n s  f o r  t h e  production o f  0' and o t h e r  products  of  c o l l i s i o n  l e f t  
behind are underway. These r e s u l t s  w i l l  throw l i g h t  on processes  
resDonsible  f o r  s t r u c t u r e  i n  t h e  energy dependence of  t h e  c ross  
s e c t i o n  (J 0-1 

The slow ions  formea undergo e l a s t i c  c o l l i s i o n s  wi th  t h e  
gas i n  t h e  de t ec t ion  reg ion .  Tne ion f l u x  I(0') should sat isfy,  

I ( O - )  = K I(H) n(C0) u exp - K No 
1 0- 2 

i n  t h e  low dens i ty  approximation, assuming ion  product ion i s  a d i r e c t  
n rocess .  

geometry of  t h e  appara tus ;  K1 a l s o  depends upon t h e  e f f i c i e n c y  of  ion  
m u l t i p l i e r .  The o t h e r  q u a n t i t i e s  are:  

I n  t h i s  equat ion K1, K2 are cons tan ts  depending upon t h e  

N = t o t a l  gas dens i ty  i n  the  d e t e c t o r  chamber, 

(J = t h e  e l a s t i c  c o l l i s i o n  c ros s  s e c t i o n ,  

o = 0-  product ion c ros s  sec t ion .  0- 

The va lue  of K1 i s  extremely complicated t o  c a l c u l a t e  and hence t h e  

re la t ive values  of  c ros s  s e c t i o n s  w i l l  be comDared t o  some known value 
of  ion  product ion c r o s s  s e c t i o n .  

In  t h e  nea r  f u t u r e  w e  p lan  t o  conduct similar s t u d i e s  f o r  
gases  such as 0 29 H2' e t c .  

The cons t ruc t ion  of t h e  crossed-beam apDaratus f o r  t h e  s tudy  o f  
charge exchange i n  H(30 kev)  + H+(50-400 kev)  c o l l i s i o n s  is i n  i t s  f i n a l  
s t a g e .  A l l  t h e  e l e c t r o n i c s  f o r  t h e  de t ec t ion  system have been completed. 

1. D. V .  Phi l ipenko and Y a .  M. Fogel, - J.  ~ Expt l .  ---- Theoret .  __- Phys. (U.S.S.R.) 
42, 936-943 (1962). 
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MEASUREMENTS OF CHARGE EXCHANGE AND IONIZAT'IOiJ CHOSS SECTIONS 
by 

Kotu Lul la ,  NASA Research Associate  i n  Physics 

The t o t a l  charge exchange, u + u c ross  s e c t i o n s  f o r  0 1  0-1' n e u t r a l  atomic hydrogen beam t r a v e r s i m  CO have been mensurcd t - ~ !  check 
t h e  o v e r a l l  performance of apparatus .  The r e s u l t s  are i n  fa i r  
agreement with Drevious neasuremcnts .l 
s e c t i o n s  f o r  t h e  product ion of  0' and o t h e r  products  o f  c o l l i s i o n  l e f t  
behind are underway. 
resDonsible  f o r  s t r u c t u r e  i n  t h e  energy dependence of  t h e  c ros s  
s e c t i o n  Q 

Tine measurements of  c ross  

These r e s u l t s  w i l l  throw l i g h t  on processes  

0-1' 

The slow ions  formea undergo e l a s t i c  c o l l i s i o n s  wi th  t h e  
gas i n  t h e  de t ec t ion  reg ion .  Tne ion f l u x  I(0') should sa t i s fy ,  

I ( O - )  = K I(H) n(C0) u exp - K No 
1 0- 2 

i n  t h e  low dens i ty  approximation, assuming ion  product ion i s  a d i r e c t  
n roccss .  

geometry o f  t h e  appara tus ;  K1 a l s o  depends upon t h e  e f f i c i e n c y  of ion  
m u l t i p l i e r .  The o t h e r  q u a n t i t i e s  a re :  

I n  t h i s  equat ion K1, K2 a r e  cons tan ts  depending upon t h e  

N = t o t a l  gas dens i ty  i n  the  d e t e c t o r  chamber, 

(J = t h e  e l a s t i c  c o l l i s i o n  c ros s  s e c t i o n ,  

o = 0- product ion c ros s  sec t ion .  0- 

The va lue  of K 

re la t ive values  o f  c ros s  s e c t i o n s  w i l l  be comDared t o  some known value 
of i on  product ion c ros s  sec t ion .  

i s  extremely complicated t o  c a l c u l a t e  and hence t h e  1 

In  t h e  nea r  f u t u r e  we p lan  t o  conduct similar s t u d i e s  f o r  
eases such as 0 2' H2, e t c .  

The cons t ruc t ion  of t h e  crossed-beam apnaratus  f o r  t h e  stud!! o f  
charge exchange i n  H(30 kev)  + H'(50-400 kev)  c o l l i s i o n s  is i n  i t s  f i n a l  
s t a g e .  A l l  t h e  e l e c t r o n i c s  f o r  t h e  de tec t ion  system nave been completed. 

1. 
42, 936-943 (1962 I .  

1). V. Phi l ipenko and Ya. M. Fogel, J. Expt l .  Theoret .  Phys. (U.S.S.R.) - - ---- 
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18. 

OPTICAL STUDIES OF ELECTRON ANG HOLE TRAPPING LEVELS I I J  Q,UARTZ* 

Mordechay Sch le s inge r ,  NASA Research Associate  i n  Physics 
by 

ABSTRACT 

I l lumina t ion  with monochromatic l i g h t  i r . to  var ious  color-center  

absorp t ion  bands of  qua r t z  a t  l i q u i d  n i t rogen  temperature  (LNT) a f t e r  

prev ious  X-ray i r r a d i a t i o n  a t  room temperature (RT) re -exc i tes  some 

glow peaks of t n e  "usual" glow-curve i n  t h e  reg ion  between LNT anc! RT. 

He-excitation can a l s o  be performed f o r  peaks above t h e  temperature  a t  

which t h e  c r y s t a l  w a s  X-irradiated.  The e f f e c t  nas been i n v e s t i g a t e d  

i n  d e t a i l  f o r  c r y s t a l s  doped wi th  var ious impur i t i e s  ar,d under var ious  

cond i t ions .  The r e s u l t s  are i n  agreement with t h e  wenerally accepted 

models f o r  t h e  e l e c t r o n i c  processes  i n  Q.uartz.  

* A paper  submit ted f o r  pub l i ca t ion  i n  t h e  Phys ica l  Review. 

suppor ted  by t h e  U .  S. A r m y  Research Off ice  and by NASA. 

Work 
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Some of t h e  o p t i c a l  e f fec ts  of s y n t h e t i c  srrethyst vown 
by Sawyer Research T'roducts, Tnc. nlnr,T wit!: t h c i i -  e l e c t r i c a l  
p r o p e r t i e s  were invest iGated.  Color cen te r  a l - sor r t i  @n b w d s  a r e  
p re sen t  at  t h e  wavelengths 1600, ? 5 C ,  545, 1117, and ?!r7 n p .  '?\e 
last  one i s  conplex, an,.? c o c s i s t s  c f  at  lcc..s', IX.T coy:mxzts ,  
one pe<akinF a t  357 arid t he  o t h e r  a t  314: IT+, ; ,o lar ized i n  t!.e 
p a r a l l e l  (n) an? i n  t h e  v e r t i c a l  ( 6 )  2 i r e c t i o n s  t o  tl-e c -ax is ,  
r e spec t ive ly .  Tke varirvis l o l o r  c e r t e r s  'Dlezck out  t h e r . o l l y  ct 
a k o ~ t  '+~Q'c. accompnie?  \.:it> E 5:ue tkemoiur,inescence.  
Di rec t -cur ren t  p o l a r i z a t i o n  e f f e c t s  hnve been observe? i n  t h e  
amethyst c r y s t a l s .  
p o t e n t i a l  a(? t h e  trcansicri5 Fo la r ixz t ion  c u r r e n t s  r2corGcd. "he 
e f f e c t  w a s  st1idiQd both i n  t h e  "cclored" ~ n d  ir. t h e  "tleac!ie?" 
sample.:. I n  view of  t h e  r e s u l t s  a poss ib l e  ~ e c h m i s ~ L  of t! i s  
i on i  c-pol ari  z a t  i on i s  ? i s  puss ed . 

The sar:ple was sub jec t ed  t c  R. dc " s t t 3 ~ "  

"Abstract  of a r a p e r  t o  be presented at. a meetinq of  t h e  
h e r i c a n  Dhysicnl Socie+,y i n  June ,  1067. 
NASA, U. S.  Army Research n f f i c e ,  and Owens-Illinois. 

hark siipportcd by 
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'r!J5:OEIF:TICAL STIJDIFS 0"I W E  I.XC1TATIOr.I OF TI& VISIB!,Z i)P4.YGLOW 
by 

Edward C .  Z ip f ,  J r . ,  Assistnr?t Professor  of Physics 

A i h e o r e t i c a i  ana iys i s  ot' r e ren t  rocket  measurements of t n e  
spectrum and a l t i t u d e  d i s t r i b u t i o n  of t h e  v i s i b l e  dayplow n a s  been 
c a r r i e d  out .  In  t h i s  s tudy  t h e  r a t e  c o e f f i c i e n t s  f o r  s e v e r a l  
r eac t ion?  of aeronomic importance were eva laa t ed  and t h e i r  
temDerature dependence determined. The r e s u l t s  o f  t n i s  s tudy  were 
presented  i n  p a r t  i n  an i n v i t e d  paper at t h e  Second Benedum 
Symposium on Earth Map~et ism.  A more complete d iscuss ion  of t h e s e  
c a l c u l a t i o n s  i s  given i n  a Daper e n t i t l e d  Rocket Measurements of t h e  
V i s i b l e  Dayqlow which has been acceptea f o r  pub l i ca t ion  by t h e  
J o u r n a l  of Geomametism and Geoe lec t r i c i ty ;  it i s  be ing  c i r c u l a t e d  
s e p a r a t e l y  as an SRCC reDor t .  This work w a s  supported i n  D a r t  by 
t h e  Nat iona l  Aeronautics and Space Administration under MASA Grant 
NsG-416 ( s a l a r y  suppor t )  and by t h e  ComDuting Center of t h e  
Univers i ty  of P i t t sbu rgh  wno provided t ime on t h e  Un ive r s i ty ' s  
IBM 7090 computer. 

- - -  
---- 

3c * * 

ROCKET MEASUP,EV&NTS OF THE VISI13LE GAYGLOW" 

ABST'RAC?' 

Recent rocket  measurements of t h e  spectrum a n d  a l t i t u d e  
d i s t r i b u t i o n  of  t h e  v i s i b l e  dayglow are reviewed. The cu r ren t  theory  
of t h e  dayglow i s  a i scussed  i n  t h e  l i g h t  of t n e s e  data and t h e  
r e s u l t s  of new l a b o r a t o r y  s t u d i e s  on atomic Drowsses  of  aeronomic 
i n t e re s t .  The important role olayed by s o l a r  r a d i a t i o n  i n  t h p  
e x c i t a t i o n  of t h e  v i s i b l e  dayglow i s  i l l u s t r a t e d  i n  a d e t a i l e d  
d i scuss ion  of t h e  emission of t h e  (0,O) nepat ive  band of B + and t h e  
r e d  l i n e  (6300 A )  of atomic oxygen i n  t h e  dayglow. 

2 

* I n  press, Jou rna l  - of Geomagnetism and Geoe lec t r i c i ty .  
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21. 

COEMJNICATION BY ELE;CTRICAL STIIWLATIOiJ OE' THE SKIN 

Robert H. Gibson, Associate  Professor  of  Psycholow 
by 

General -- - 
Ynis i s  a program of psycnopnysicai experiments w i t n  e i e c t r i c a i  

pu l se  s t imu la t ion  of t h e  s k i n  senses .  The r a t i o n a l e  i s  descr ibed i n  t h e  
previous r epor t  of t h i s  series. Progress has involved p r imar i ly  t h e  
fo l lowing  p r o j e c t s :  numbered as i n  the  nrevious r e p o r t :  

Pr0.j e c t s - 
1. iqul t ip le  Dimension Stimulus Control System 

A system w a s  designed around a photo-block paper t a n e  reader  t o  
con t ro l  and d e l i v e r  combinations of  mul t ip le  e l e c t r i c  s t i m u l i  t o  s e v e r a l  
l o c a t i o n s  on t h e  body su r face .  Two of t h e  s i x  channels now have operated 
i n  f u l l  f o r  t h e  first t i m e .  The f u r t h e r ,  and hopefu l ly  t h e  f i n a l  problems 
t o  be so lved  p r i o r  t o  use inc lude  g e t t i n g  t h e  l o p i c  t o  reset r e l i a b l y  a f t e r  
each s t imulus .  

3.  Skin Temperature E f f e c t s  on Touch and Pain Sens i t iv i ty-  

The basic problem has been t o  determine effects of  temperature on 
e l e c t r i c a l l y  aroused cutaneous sensa t ions .  Skin su r face  temperature has 
been va r i ed  (see previous r e p o r t )  by means of  an e l e c t r i c a l  thermode 
a t t a c h e d  t o  machined brass e lec t rodes .  E f fec t s  of temperature  aqain were 
found t o  be s l i g h t  on e l e c t r i c a l l y  aroused touch ,  t h i s  t i m e  w i t h  l onc  t r a i n s  
of pu l se s .  

Finding only s l i E h t  e f f e c t s  on touch with e l e c t r i c  s t i m u l i  might 
r e s u l t  e i t h e r  from t h e  f a c t  t h a t  e f f e c t s  indeed are s l i g h t  o r  nonexis tent  
t he reby  implying d i r e c t  s t imu la t ion  of t h e  nerves  themselves,  o r  from t h e  
thermal  d i f f u s i t i v i t y  of and t h e  absorpt ion p a t t e r n  wi th in  t h e  sk in  being 
such t h a t  t h e  temperature  changes a t  t h e  e lec t rode-sk in  i n t e r f a c e  are not  
mir rored  over  time wi th in  t h e  receptor  t i s s u e  l a y e r s .  

As a first s t ep  i n  c l a r i f y i n g  t h e  na tu re  of r ad ian t  energy t r a n s f e r  
through human t i s s u e s ,  t h e  la teral  temDernture s r a d i e n t  w a s  measured along 
t h e  su r face  of t h e  web between thumb and index f i n p r .  For f i v e  minutes,  
a 15 mm. diameter e l e c t r o d e  w a s  maintained at l a o  C . ,  15O C below normal 
s u r f a c e  temnerature  at an ambient temperature of 70° F. 
ob ta ined  wi th  n 5 mm. diameter thermis tor  i s  stceD. t h e  temperature Only 
s e v e r a l  millimeters from t h e  edge of  t h e  e l ec t rode  be ina  wi th in  2.8' C .  of 
t h e  normal temperature .  
w i th in  t h e  t i s s u e s  grows over  t i m e  as t h e  l i n e a r  square roo t  of  t h e  su r face  
tempera ture ,  w e  need t o  determine t h e  thermal  i n e r t i a l  cons tan ts  f o r  i nne r  

The su r face  gradien t  

Therefore ,  although it i s  l i k e l y  t h a t  t h e  hea t  r ise 
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t i s s u e s .  E i t h e r  subsur face  temperature measurements should be done, o r  
some o t h e r  procedure used based p a r t l y  on la teral  su r face  g rad ien t s .  The 
c r u c i a l  ques t ion  is t n e  real depth at which l i t t l e  f u r t h e r  temperature  
chance occurs  f o r  l a r g e  s t e p  changes i n  su r face  t e m e r a t u r e .  

4 .  E l e c t r i c a l  P roFer t i e s  - of  Tissue --_ - 
A s  s t inKing  pain from e l e c t r i c a l  s t imu la t ion  o f  ha i ry  t i s s u e s  might 

r e f l e c t  t i s s u e  breakdown, sys temat ic  i nc reases  i n  peak cu r ren t  were monitored 
s e p a r a t e l y  and photographed from four  s e p a r a t e  osc i l l o scope  t r a c e s  f o r  f o u r  
p a r a l l e l  segments of  an e lec t rode  f e d  by a s i n g l e  cons tan t  cu r ren t  
s t i m u l a t o r .  The po in t  w a s  t o  determine whether a spec t s  of cur ren t  flow 
through a given segment re la t ive t o  t h e  o t h e r  t h r e e  were related t o  pa in  
appearance.  The data have not  y e t  been s u f f i c i e n t l y  analyzed t o  comment. 

6. EQual "Loudness" Functions -- 
The s tudy  in t roduced  i n  t h e  previous r epor t  i s  i n  i t s  f i n a l  s t a g e s .  

Threshold and equal  "loudness" funct ions are be ing  obta ined  from three 
observers  as a func t ion  of  ( i )  t r a i n  du ra t ion ,  (ii) pulse  r e p e t i t i o n  rate, 
(iii) e l e c t r o d e  s i z e ,  and ( i v )  body region.  
completed e a r l y  i n  May. 

Data c o l l e c t i o n  w i l l  be 
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Appendix A 

NASA Predoctoral Trainees 

Quality Point 
Ave rage * 

( A  = 4.00) 

3.58 
3.16 
3.61 
3.85 
3.57 
3.86 
3.20 
4.00 
3.46 
3.71 
3.69 
3.42 
3.58 
3.20 
3.37 
3.70 
4.00 
3.81 
3.49 
3.66 
3.41 
4.00 
3.58 

3.31 
3.27 
3.40 
3.76 
3.55 
3.15 
3.78 
3.40 
3.54 
3.90 
3.71 
3.91 
3.20 
3.19 
3.28 
3.57 
3.33 
3.18 

3.58 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15 
16. 

18. 
19 
20. 
21. 
22. 
23. 
24. 

17 

25 
26. 
27 
28. 
29 
30. 
31. 
32. 
33 9 

34. 
35 
36. 
37 
38. 
39 
40. 
41. 
42. 
43. 

Name - 
W i l l i a m  Abkemeier 
Marshall Abrams 
Ronald Coffield 
W i l l i a m  Coffban 
James Cope 
George Delancey 
Paul Demmie 
George Dos chek 
David b i n  
John Farrell** 
Bruce Fike 
Leo Geary 
W i l l i a m  Greger 
Richard Hake, Jr. 
Ph i l ip  H. Harju 
Nancy Heatwole 
Donald Jessep, Jr. 
W i l l i a m  Johnson 
Patrick Kokoska 
Paul  A. Kossey 
John Lyons 
James McKearney 
George Mosteller 
Joseph Natowitz** 
Edward J. Nemeth 
Robert L. Nielsen 
David Opferman 
Rafael Perez 
Joe l  Peterson 
Edward Ph i l l i p s  
James Pommersheim 
Charles Richter 
Charles R. Seeger 
Anthony Sobota 
Charles Springer 
Nunzio T a r t a g l i  a 
Brian K. Thomas 
W i l l i a m  Til ton 
Raymond Turner 
David Uhrich 
Fel ix  Ullrich 
Charles S. Weller 
John Ze l ik  

BS/BA from 

St .  Louis 
Carnegie Tech 
Pittsburgh 
Thiel 
West V i  rgini  a 
Pittsburgh 
Pittsburgh 
Pittsburgh 
Florida State  
Baldwin-Wallace 
Union 
Pittsburgh 
Lafqwtte  
C a l  Tech 
N. Dakota 
Madison 
Pittsburgh 
Brigham Young 
Pittsburgh 
Pittsburgh 
Loyola (Chicago 
Long Is land 
P i t  t s b urgh 
Florida 
Pittsburgh 
Penn Sta te  
Penn Sta te  
New Mexico State 
Penn Sta te  
L a f  aye t t e  
Pittsburgh 
St .  Joseph's 
Ohio S ta te  
Indiana (Pa.) 
SWarthIll0l-e 
Manhattan 
Reed 
Pittsburgh 
Carnegie Tech 
Canis ius  
Rutgers 
M.I.T. 
Pittsburgh 

Department 

Elect.  Eng. 
Elect.  Eng. 
Mech. Eng. 
Biology 
Mech. Eng. 
Chem. Eng. 
Physics 
Physics 
Physics 
Chemistry 
Elect.  Eng. 
Elect. Eng. 
Elect.  Eng. 
Phys i cs 
Chemistry 
Chemistry 
Elect.  f i g .  
EPS*** 
Chem. Eng. 
Elect.  Eng. 
Psychology 
Psychology 
Elect. Eng. 
Chemistry 
Chem. Eng. 
Physics 
Elect. Eng. 
Elect. Eng. 
Mech. Eng. 
Chem. Eng. 
Chem. Eng. 
Phys i cs 
EPS*** 
Biology 
Chemistry 
EPS*** 
Physics 
Mech. Eng. 
Physics 
Physics 
Physics 
Physics 
Physics 

Average 
- 3.43 
3.54 

* For trainees enrol l ing i n  September 1965 t h i s  i s  the 
undergraduate QPA; f o r  all others it i s  t h e  graduate QPA. 

** Completed the requirements fo r  the  Ph.D. 

*** Earth and Planetary Sciences 
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